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1.0  INTRODUCTION 


The  Interim  Response  Action  (IRA)  for  the  South  Tank  Farm  Plume 
(STFP)  is  being  conducted  as  part  of  the  Remediation  of  Other 
Contamination  Sources  IRA  for  the  Rocky  Mountain  Arsenal  (RMA)  as 
defined  in  the  Federal  Facility  Agreement  (FFA) .  This  IRA  is 
being  undertaken  by  Shell  Oil  Company  (Shell)  in  accordance  with 
the  procedures  set  forth  in  the  FFA. 

In  1989  Shell  proposed,  and  the  Army  and  EPA  agreed,  that  the 
STFP  be  added  to  the  list  of  Other  Contamination  Sources  IRAs. 

At  that  time,  based  on  available  data,  the  objective  of  this  IRA 
was  to  prevent  the  migration  of  the  plume  from  reaching  Lake 
Ladora  prior  to  the  implementation  of  the  final  remedy.  However, 
recent  investigations  have  shown  that  the  STFP  is  not  expected  to 
reach  Lake  Ladora.  In  accordance  with  the  recent  observations, 
the  Final  Decision  Document  for  this  IRA,  issued  May  8,  1991, 
selected  groundwater  monitoring  as  the  appropriate  course  of 
action. 

The  STFP  is  located  in  the  southern  half  of  Sections  1  and  2  on 
the  RMA  (Figure  1) .  The  STFP  is  a  composite  plume  of  benzene, 
toluene,  xylenes  (collectively  referred  to  as  BTX) , 
bicycloheptadiene  (BCHPD)  and  dicyclopentadiene  (DCPD)  dissolved 
in  the  uppermost  water-bearing  zone  (WBZ1)  groundwater.  The  STFP 
primarily  originates  from  a  light  nonaqueous  phase  liquid  (LNAPL) 
plume  located  adjacent  to  Tank  464A  (Figure  2) . 

The  objective  of  this  IRA  is  to  monitor  the  STFP  to:  1)  verify 
the  data  upon  which  conclusions  on  the  rate  of  contaminant 
migration  have  been  made;  and  2)  verify  the  location  of  the 
leading  edge  of  the  dissolved  plume  over  time. 

A  cost  estimate  and  schedule  have  been  prepared  for  this  IRA  and 
are  included.  The  estimated  cost  for  completing  this  IRA  is 
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$325,000.00.  The  deadline  for  completion  of  this  project  (an 
"IRA  Deadline"  under  the  FFA)  is  May  13,  1994,  subject  to 
extension  as  described  in  Section  XXVI  of  the  FFA.  Intermediate 
dates  shown  in  this  document  comprise  the  "Schedule"  (as  defined 
in  the  FFA)  and  are  not  "Deadlines"  under  the  FFA. 
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MEMORANDUM  OF  UNDERSTANDING  BETWEEN 
THE  DEPARTMENT  OF  THE  ARMY  AND  SHELL  OIL  COMPANY 

WITH  RESPECT  TO 

RESPONSE  ACTION  WORK  CONDUCTED  PURSUANT  TO  THE 
FEDERAL  FACILITY  AGREEMENT 


I.  PARTIES 

This  Memorandum  of  Understanding  (*MOU*)  specifies  the 
cooperative  undertakings  which  are  to  occur  between  the  A  ray  (a 
potentially  responsible  party  under  CERCLA)  and  Shell  (a 
potentially  responsible  party  under  CERCLA)  with  respect  to  any 
Scope  of  Work  developed  pursuant  to  the  Federal  Facility 
Agreement  now  or  hereafter  attached  as  an  exhibit  to  this  MOU. 

II.  PURPOSE 

The  purpose  of  this  MOU  is  to  provide  an  appropriate 
basis  pursuant  to  the  Federal  Facility  Agraeaent  for  Shell  to 
participate  in  the  expeditious  (a)  assessment,  selection,  design 
and  implementation  of  an  IRA  or  (b)  operation  and  maintenance  of 
any  Response  Action  Structure. 

i lx.  OEriaxiiQMs 

The  following  terms,  used  in  the  MOU,  shall  have  the 
meanings  indicated: 

(a)  •Array*  means  the  United  States  Department  of 
the  Army,  and  any  succeesors  or  assigns  thereof,  and  any  agency, 
office  or  other  subdivision  thereof;  and  includes  the  officers, 
members,  employees  and  agents  of  the  Army  when  acting  within  the 
scope  of  their  authority. 

(b)  • Arsenal*  means  the  United  States  property 
known  as  the  Rocky  Mountain  Arsenal  and  described  more 
particularly  on  Exhibit  a  hereto. 

(c)  'CERCLA*  means  the  Comprehensive  Environmental 
Response,  Compensation  and  Liability  Act  of  1980,  as  amended  by 
the  Superfund  Amendments  and  Reauthorization  Act  of  1986. 

(d)  'Contractor*  means  any  commercial  party  not  a 
part  of  Shell  with  which  Shell  contracts  for  the  performance  of 
Response  Aetion  work  pursuant  to  this  MOU.  Unless  otherwise 
indicated,  the  term  also  includes  a  subcontractor  retained  by  a 
prime  contractor  or  another  subcontractor. 


(«)  'Federal  Facility  Agreement*  means  tha  redera. 
Facility  Agraaaant  for  Rocky  Mountain  Araanal,  affactiva 
February  17,  1989,  including  all  axhibits  tharato  (and  any 
amendments  or  modifications  thereof  or  supplements  tharato) . 

(f)  'Financial  Manual'  aaana  tha  documant 
idantifiad  in  paragraph  7.4  of  tha  sattlamant  Agraamant. 

(g)  'Forca  Majaura'  aaana  any  avant  arising  frcm 
cauaaa  bayond  tha  control  of  an  Organization  that  causaa  a  dalav 
in  or  pravanta  tha  parformanca  of  any  obligation  undar  this  mou’ 
'Forca  Majaura'  includas,  but  is  not  limitad  to:  acta  of  God; 
fira;  war;  insurraction;  civil  disturbanca;  axploaion; 
unanticipatad  breakage  or  accidant  to  machinary,  aquipaant  or 
linaa  of  pipa,  daapita  diligant  maintananca;  advarsa  vaathar 
conditions  which  could  not  ba  raaaonably  anticipatad;  unusual 
dalay  in  transportation;  earthquake;  rastraint  by  court  ordar  or 
ordar  of  public  authority;  inability  to  obtain,  at  raaaonabla 
cost  and  aftar  exercise  :f  raaaonabla  diliganca,  any  nacassary 
authorizations,  approvals,  parmita  or  licansas  as  a  rasult  of  the 
action  or  inaction  of  any  governmental  agency  or  authority  othar 
than  tha  Army;  delays  causad  by  complianca  with  applicabla 
statutas  or  ragulations  govaraing  contracting,  procurement  or 
acquisition  procedures,  despite  tha  axareisa  of  reasonable 
diliganca;  and  insufficient  availability  of  appropriated  funds, 
if  tha  Army  shall  have  made  timely  request  for  such  funds  as  part 
of  tha  budgetary  process.  'Force  Majaura'  also  includas  any 
strike  or  labor  dispute,  whether  or  not  within  the  control  of  the 
Organization  affected  thereby,  but  shall  not  include  increased 
costs  or  expanses  of  Response  Actions,  whether  or  not  anticipated 
at  tha  time  such  Response  Actions  ware  initiated. 

(h)  'IRA'  means  an  Interim  Response  Action 
idantifiad  in  Section  XXXI  of  tha  Federal  Facility  Agraamant. 

(i)  'Lead  Party'  means  tha  Organization  that  is 
designated  with  responsibility,  in  accordance  with  Section  XLIII 
of  the  Federal  Facility  Agraaaant,  for  conducting  a  Response 
Action,  or  any  part  tharaof. 

(j)  'MOU'  or  'Memorandum  of  Understanding'  means 
to  this  entire  document  and  any  amendments  or  modifications 
hereof  and  supplements  hereto,  and  all  documents  incorporated 
herein  by  reference. 

(k)  'NCP*  means  tha  National  Oil  and  Hazardous 
Substances  Pollution  Contingency  Plan,  50  Fad.  Rag.  47912  (1985) 
(affactiva  Fabruary  18,  1986),  and  all  amendments  tharato  which 
are  not  inconsistent  with  CERCLA  and  which  are  affactiva  and 
applicabla  to  any  activity  undertaken  pursuant  to  this  MOU. 


(1)  'Organization*  naans  tha  Army,  EPA  or  Shall. 

(a)  'Party'  naans  tha  Army  or  Shall;  'Partias' 
naans  tha  A  nay  and  Shall. 

(n)  'Response  Action'  has  tha  saaa  naanmg  as 
'Respond'  or  'Rasponsa'  as  dafinad  in  Saction  101 (25)  of  CERCLA, 
42  U.S.C.  $  9601(25) . 

(o)  'Scopa  of  Work'  naans  a  docunant  idantifiad  ir. 
Part  VI  by  which  any  Rasponsa  Action  work  for  which  Shall  is  tha 
Laad  Party  shall  ba  conductad. 

(p)  'Sattlamant  Aqraamant'  naans  tha  'Sattlanant 
Agraanant  Batvaan  tha  United  Stataa  and  Shall  Oil  Company 
Concaming  Rocky  Mountain  Arsenal,*  affactiva  February  17,  1989, 
including  all  axhibits  tharato  (and  any  aaandments  or 
nodifications  tharaof  or  supplamants  tharato) . 

(q)  'Shall'  naans  (a)  Shall  Oil  Company  and  its 
succasaors  and  assigns,  (b)  tha  divisions  tharaof,  including 
Shall  Chamical  Company,  (c)  Julius  Hyman  &  Co.,  and  (d)  Shall 
Chaaical  Corporation;  and  includas  tha  officars,  employees  and 
agants  of  Shall  whan  acting  within  tha  scopa  of  thsir  authority. 

All  othar  capital izad  tanas  usad  in  this  MOU  shall  have 
tha  saaa  meaning  as  in  tha  Fadaral  Facility  Agraaaant  or  tha 
Sattlamant  Agraaaant  or  tha  meaning  specified  in  an  executed 
Scopa  of  Work. 


IV.  SCOPE  OF  MOO 

This  MOU,  the  Fadaral  Facility  Agraaaant  and  tha 
Sattlaaant  Agraaaant  constitute  tha  entire  understanding  between 
tha  Army  and  Shall  with  respect  to  Shell's  assisting  tha  Army  in 
tha  Rasponsa  Action  work  described  in  an  executed  scope  of  work, 
except  for  any  subsequently  executed  Scopa  of  Work  which  tha 
Parties  aay  execute  with  respect  to  such  Rasponsa  Action  work; 
constitute  tha  sola  conditions  controlling  Shell's  participation 
in  such  Rasponsa  Action  work;  and  with  respect  to  such  Rasponsa 
Action  work,  supersede  any  othar  agraaaant (s)  batvaan  tha 
Parties*  In  tha  event  a  conflict  batvaan  tha  provisions  of  tha 
Federal  Facility  Agraaaant  and  tha  Sattlaaant  Agraaaant  and  this 
MOU,  tha  provisions  of  tha  Fadaral  Facility  Agraaaant  and  the 
Sattlaaant  Agraaaant  shall  govern. 

v.  QESBAIIflU-flJL  mi 

By  their  execution  of  this  MOU,  each  of  tha  Partias 
acknowledges  and  agrees  as  follows: 


(a)  The  provision  of  the  Response  Action  work 
pursuant  to  this  MOU  is  a  rsasonatola  and  appropriata  contribution 
to  tha  assessment,  selection,  design  and  iaplaaantation  of 
Rasponsa  Actions  that  ara  protact iva  of  tha  praaant  and  future 
public  haalth  and  tha  anvironaant. 

(b)  Tha  Army's  actions  undar  this  MOU  ara  not 
inconsistant  with  tha  NCR. 

(c)  Shall* a  actions  undar  this  MOU,  to  tha  extant 
cartifiad  by  tha  Army  pursuant  to  Subpart  vi.e.,  ara  conaiatant 
with  tha  NCR. 


(d)  This  MOU  doas  not  operate  to  astabliah  or  to 
axcusa  any  Shall  or  Army  liability  undar  any  lav,  tha  Padaral 
Pacility  Agreement  or  tha  Settlement  Agreement,  axcapt  to  tha 
axtant  providad  in  this  MOU. 

(a)  This  MOU  doas  not  oparata  to  randar  Shall  or 
any  of  its  Contractors  a  CERCLA  rasponsa  action  contractor. 

(f)  This  MOU  doas  not  oparata  to  axpand  or  liait 
any  of  tha  rights  and  obligations  of  tha  Arsy  as  Load  Agancy  or 
Shall  as  Lsad  Party  undar  any  lav  or  tha  Padaral  Facility 
Agraaaant. 


(g)  Unless  otharviaa  providad  in  a  Scopa  of  work, 
upon  aceaptanca  of  tha  Rasponsa  Action  vorlc  pursuant  to  Subpart 
VX.s,  titla  to  any  Rasponsa  Action  Structure  including  all 
ralatad  systaas  and  facilitias  construct ad  as  a  part  of  that 
Rasponsa  Action  vork  shall  pass  to  tha  United  States. 

(h)  Tha  Arsy  shall  ba  solely  responsible  for 
obtaining  necessary  permits,  if  any,  and  for  establishing 
substantive  compliance  with  all  permitting  requirements  pursuant 
to  Section  121(a)  of  CZRCLA,  42  U.S.C.  9621(c),  for  any 
activities  conducted  pursuant  to  this  MOU.  Hovever,  Shall  shall 
provide  any  necessary  technical  support  nacassary  for  tha  Army  to 
obtain  such  permits. 

(1)  This  MOU  has  no  precedential  or  controlling 
affect  vith  respect  to  any  matter  vhich  is  not  expressly  tha 
subject  of  this  MOU. 

(j)  This  MOU  doas  nwC  create  or  impose  any 
obligations  or  responsibilities  on  tha  Parties  or  relieve  them  of 
any  obligations  or  responsibilities,  axcapt  to  tha  axtant 
expressly  providad  herein. 


VI. 


A.  P«valaBfl>nt  of  Scope  of  Work;  Pursuant  to  Ssetlon  XL!  1 1 
of  the  Federal  Facility  Agreement,  the  Any  and  Shall  shall 
davalop  Scopas  of  Wort  by  which  Response  Action  Wort  for  which 
Shall  is  tha  Laad  Party  shall  ba  conducted.  A  Scopa  of  Wort 
shall  ineluda  any  raquirsd  data  or  spacifications  for  tha 
Rasponsa  Action  wort  to  ba  parfomad,  a  projected  schedule  for 
completion  and  a  sta tenant  as  to  the  appropriate  limits  of 
insurance  to  ba  maintained  by  Shall  pursuant  to  Part  vii. 

B.  Incorporation  into,  this  MOU:  Any  Scopa  of  Wort 
davalopad  pursuant  to  Subpare  vi.a  and  executed  by  the  Any  end 
Shall,  and  all  tha  tens  and  conditions  therein  are  incorporated 
by  rafaranca  into  this  MOU. 

C.  Performance  of  Wort;  Upon  execution  of  tha  Scopa  of 
Work  by  tha  Any  and  Shall,  Shall  shall  immediately  commence,  in 
consultation  and  cooperation  with  tha  Any,  as  provided  in  the 
Consent  Decree,  to  parfon  tha  Rasponsa  Action  wort  described  in 
tha  Scopa  of  Wort. 

0.  Hiring  of  Contractor:  Subject  to  tha  approval  of  tha 
Any,  Shall  asy  hire  at  its  sola  expanse,  subject  to  Part  vxi,  a 
Contractor  to  parfon  any  Response  Action  work  described  in  a 
Scopa  of  Work.  A  Contractor  say  ba  taninatad  by  Shall  with  the 
approval  of  tha  Any,  which  approval  shall  not  ba  unreasonably 
withheld.  Any  disagreement  with  respect  to  such  tsnination  not 
resolved  informally  shall  ba  resolved  in  accordance  with  the 
provisions  of  Part  XXXX. 

C.  Acceptance  of  Wort;  l.  If  Shall  parfons  tha  Response 
Action  work  in  accordance  with  tha  spacifications  sat  forth  in 
tha  applicable  Scopa  of  Work,  tha  Any  shall  accept  Shell's  wort 
pursuant  to  this  MOU.  Tha  Army  shall  act  promptly  to  accept 
Shell's  work,  and  acceptance  shall  not  ba  unreasonably  withheld. 
Should  tha  Any  decline  acceptance,  it  shall  promptly  notify 
Shell  in  writing,  stating  with  specificity  tha  factual,  technical 
and  legal  bases  for  such  nonacceptance. 

2.  Xf  Shall  concludes  that  tha  Any  is  in  error  for 
treating  Shell's  performance  as  incomplete  or  unacceptable  for 
any  other  reason.  Shall  shall  give  notice  in  writing,  within  ten 
business  days  of  the  receipt  of  tha  Army's  written  notification, 
that  Shell  disagrees.  Any  such  disagreement,  if  not  resrlvad 
informally,  shall  ba  resolved  in  accordance  with  tha  provisions 
in  part  XXXI. 


VII.  SHELL  TMStTRAMCT  OBLISATTOMS 


Shall  •hall  maintain  such  insurance  or  self- insurance  as 
is  required  by  statuta  or  regulation  to  covar  any  claims  which 
nay  reasonably  ba  anticipated  to  ba  aada  as  a  result  of  Response 
Action  work  dona  pursuant  to  any  Scopa  of  Work  attached  as  an 
exhibit  to  this  MOU.  At  a  minimum.  Shall  shall,  at  its  sola 
option,  procure  insurance,  maintain  insurance  or  self-insure 
sufficiently  to  covar  the  following: 

1.  Worker's  compensation  and  occupational  disease 
insurance  in  amounts  sufficient  to  satisfy  applicable  state  lav; 

2.  Employer's  liability  insurance  in  the  minimum 
amount  of  $100,000  per  occurrence;  and 

3.  comprehensive  general  liability  insurance  for 
bodily  injury,  death  or  loss  of  or  damage  to  property  of  third 
persons  in  the  minimum  amount  of  $100,000  per  occurrence. 

Upon  this  MOU  becoming  effective.  Shell  shall  promptly 
provide  the  Army  with  an  affidavit  that  Shell  is  in  compliance 
with  the  minimum  requirements  of  this  Part.  Upon  the  signing  of 
a  Scope  of  work.  Shell  shall  promptly  provide  the  Army  with  an 
affidavit  that  Shell  la  in  compliance  with  this  Part  as  to  that 
"'■ope  of  Work.  Upon  request.  Shell  shall  discuss  with  the  Army 
a  manner  in  which  Shell  will  fulfill  its  obligations  under  this 
part. 


VIZI.  AMCC  aUP?LEHBfIAIIQH  StZ  SHELL  IN5URAHC2 

If  the  Response  Action  work  being  performed  is  an  Army- 
Only  Response  Action,  as  defined  in  the  Settlement  Agreement,  the 
Army  shall  release,  defend,  indemnify  and  hold  harmless  Shell 
from  all  losses,  fines,  penalties,  claims,  suits,  liabilities, 
judgments,  or  expenses  (including  expenses  of  litigation  or 
settlement)  (collectively  hereinafter  in  this  Part  VIII,  'claim') 
with  respect  to  any  death  or  Injury  to  any  person  or  loss  of  or  * 
damage  to  property  to  the  extent  that  these  result  from  the 
construction,  operation,  collapse,  rupture  or  failure  of  any 
Response  Action  Structure,  or  any  part  thereof,  after  the  Army's 
acceptance  pursuant  to  Subpart  VZ.E.  or  the  operation,  collapse, 
rupture,  failure  or  ineffectiveness  of  the  Response  Action 
Structure  as  a  result  of  the  construction,  operation,  collapse, 
rupture  or  failure  of  the  Response  Action  work  when  such  claim  is 
not  compensated  by  insurance  or  self-insurance,  to  the  extent 
provided  below: 

(a)  Shell  is  not  in  material  breach  of  this  MOU 
with  respect  to  the  Scope  of  Work  pursuant  to  which  such  Response 


such  claims  arc  represented  by  final  judgments  or  by  settlements 
approved  in  writing  by  tha  Oapartaant  of  Juatica.  This  agraaaant 
to  reimburse  Shell  for  certain  claims  shall  not  be  interpreted  as 
implying  that  Congress  shall,  at  a  later  date,  appropriate  funds 
sufficient  to  meet  any  deficiencies.  During  all  times  that 
claims  remain  unreimbursed  due  to  lack  of  appropriated  funds,  the 
Army  shall  exert  its  best  efforts  to  obtain  appropriations  for 
such  reimbursement. 

IX.  TREATMENT  OF  COSTS  INCTOMD 
BY  SHELL  PURSUANT  TO  THIS  MOP 

Any  costs  incurred  by  Shell  pursuant  to  this  MOU  are 
Reimbursable  Costs  and  shall  be  governed  by  the  settlement 
Agreement  and  the  Financial  Manual. 

X.  DELAY  OR  PREVENTION  OF  PERFORMANCE 

A.  As  provided  in  the  Consent  Decree,  if  a  Party  is 
rendered  unable,  wholly  or  in  part,  by  Force  Majeure  to  carry  out 
its  obligations  under  this  MOO,  then  upon  that  Party's  giving 
written  notice  as  provided  in  Subpart  XX. C.,  the  obligations  of 
that  Party,  so  far  as  they  are  affected  by  the  event  of  Force 
Majeure  therein  specified,  shall  be  suspended  during  the 
continuance  of  such  cause,  but  for  no  longer  period,  and  such 
cause  shall  be  remedied  so  far  as  possible  with  all  reasonabla 
dispatch. 

8.  The  settlement  of  a  strike  or  other  labor  dispute  shall 
be  entirely  within  the  discretion  of  the  Party  involved  with  such 
strike  or  labor  dispute,  and  the  requirement  that  any  event  of 
Force  Majeure  shall  be  remedied  with  all  reasonable  dispatch 
shall  not  require  the  settlement  of  a  strike  or  labor  dispute  by 
acceding  to  the  demands  of  the  opposing  party  when  such  course  is 
inadvisable  in  the  discretion  of  the  Party  Involved  with  such 
strike  or  labor  dispute. 

C.  When  circumstances  are  occurring  or  have  occurred  that 
delay  the  completion  of  any  obligation,  and  a  Party  believes  such 
circumstances  constitute  an  event  of  Force  Majeure,  such  Party 
shall  notify  the  other  Organizations  in  writing  within  15  days 
after  the  notifying  Party  obtains  information  indicating  that  a 
delay  will  occur.  Such  notice  shall  include  a  detailed 
explanation  of  the  reason (s)  for  and  anticipated  duration  of  the 
delay,  the  measures  taksn  and  to  be  taken  to  prevent  or  minimize 
the  delay,  and  a  rchedule  for  implementation  of  such  measures. 
Failure  to  provide  notice  in  accordance  with  this  paragraph 
within  the  required  15-day  period  shall  constitute  a  waiver  of 
any  elaim  of  Force  Majeure  with  respect  to  any  event  of  Force 
Majeure  for  which  notice  was  not  timely  given. 


D.  If  t he  Organization*  cannot  agrae  whether  a  dalay  la  or 
waa  attributable  to  an  avant  of  Forca  Majeure,  any  Organization 
nay  invoica  Oiaputa  Raaolution  pursuant  to  Saction  X  of  tha 
Sattlaaant  Agreement . 

E.  Scoca  of  Work  Modification!  if  parforaanca  of  thia  MOU 
ia  dalayad  because  any  Party  finda  it  nacaaaary  to  aaJca 

aodif icationa  to  addraaa  an  unantieipatad  occurrence  which  nay 
cauaa  a  dalay  of  more  than  two  weeks,  auch  aodif icationa  shall  ba 
davalopad  and  iaplaaantad  by  Shall  in  consultation  and 
cooparation  with  tha  Aray .  Any  diaputaa  not  raaolvad  informally 
shall  ba  raaolvad  pursuant  to  tha  provisions  of  Part  XIV. 

Further,  if  Shall  anticipatas  tha  dalay  resulting  from  any  such 
aodif icationa  will  nacassitata  tha  axtansion  of  a  Daadlina,  it 
shall  raquast  auch  an  axtansion  in  accordanea  with  Saction  XXVI 
of  tha  Fadaral  Facility  Agraaaant. 

F.  Pnaf f actad  Act lvitlsa :  To  tha  axtant  that  tha 
unantieipatad  occurranca  doas  not  nacassitata  dalay  in  any 
discrata  portion (s)  of  tha  activities  provided  in  Part  vz,  such 
portion(a)  of  tha  activities  shall  proceed  as  originally  provided 
in  tha  MOU  irrespective  of  tha  need  for  modification  of  other 
parts  of  tha  MOU. 

xz.  shell  accsss  iQ  mm  msnmsL  arsenal 

Shall  and  its  Contractors  shall  ba  afforded  access  to 
all  relevant  portions  of  tha  RXA  in  order  to  perform  its 
obligations  under  tha  MOU  pursuant  to  tha  terms  and  conditions  of 
tha  Access  and  Use  Agraaaant  attached  as  Exhibit  E  to  tha 
Sattlaaant  Agraaaant  until  such  time  as  tha  Aray  and  Shall 
execute  an  applicable  superseding  agreement. 

xzz.  aisam  besqwiiqh  amp, judicial  review 

A.  Dispute  Raaolution;  Any  dispute  which  arises  in 
connection  with  this  MOU  may  be  submitted  for  resolution  pursuant 
to  Section  X  of  the  Settlement  Agreement.  Prior  to  any  such 
submission*  Shell  and  the  Aray  shall  meet  and  attempt  to  resolve 
the  dispute  informally. 

8.  Judicial  Review*  l.  Judicial  review  of  issues  arising 
in  connection  with  this  MOU  shall  be  obtained  pursuant  to  Saction 
XZ  of  the  Settlement  Agreement. 

2.  The  pendency  of  any  dispute  shall  not  affect  tha 
responsibility  of  the  United  States  or  Shell  to  continue  their 
involvement  in  the  assessment,  selection,  design  and 
implementation  of  Response  Actions,  or  discrete  portions  of 
Response  Actions,  not  subject  to  such  dispute. 


XIII.  SENmL 

A.  Tim;  This  MOU  shall  continua  in  affact  as  to  a 
specific  seopa  of  Work  until  tha  Army,  pursuant  to  Subpare  vi.c., 
aeeapes  Shall 's  work  pursuant  to  this  KOU,  and  tha  reiaburseaent 
or  payment  has  baan  aada  pursuant  to  Part  IX. 

8.  Modification;  Any  provision  of  this  MOU  or  of  any  Scopa 
of  Work  aay  ba  aodifiad  at  any  tlaa  by  both  Parties'  aqraaaant. 
Any  aodifieation  aust:  (1)  ba  in  writing;  (2)  show  tha  data 
signed  by  tha  Partias;  (3)  a  pacify  that  it  is  intandad  to  aodify 
this  MOU;  (4)  stata  tha  provisions  of  tha  MOU  to  ba  aodifiad;  (S) 
stata  tha  now  previsions;  and  (6)  stata  whan  tha  naw  provisions 
ara  to  ba  sffactivs. 

C.  Effect  of  Execution;  This  MOU  shall  becoaa  affective  on 
tha  latar  of  its  execution  by  tha  Partias  or  tha  entry  of  tha 
Consent  Oaeraa.  A  Seopa  of  Work  shall  becoaa  affective,  final 
and  binding  upon  its  execution. 

IN  WITNESS  WHEREOF,  I  have  hereunder  sat  ay  hand  as  aii 
authorised  rapraaantativa  of  tha  United  States  Department  of  tha 
Any. 


Data: 


/AVfff 


n 


<  » 


'Lewis  D.  Walker 
Deputy  for  Environaant,  Safety 
and  Occupational  Health 


IN  WITNESS  WHEREOF,  I  have  hereunder  sat  ay  hand  as  an 
authorised  rapraaantativa  of  Shall  Oil  coapany. 


Oats: 


R.G.  Dillard 
Vice  President 


xzzz.  gam!. 

A.  Xflas  This  MOU  •lull  continue  in  offset  ••  to  • 
specific  Scope  of  Work  until  tho  Army,  pursuant  to  Support  vi.c., 
aeeopta  Shall'*  work  pursuant  to  this  MOO,  and  tho  rsiabursaaant 
or  payment  has  boon  made  pursuant  to  Part  ZX. 

B.  Modification ;  Any  provision  of  this  MOU  or  of  any  Scopa 
of  Work  may  ba  modified  at  any  tins  by  both  Portias'  agreement. 
Any  modification  must:  (1)  bs  in  writing;  (2)  show  tha  dots 
signed  by  tha  Portias;  (3)  spaeify  that  it  is  intandad  to  modify 
this  MOU;  (4)  stats  tha  provisions  of  tha  MOU  to  ba  modifiad;  (5) 
stmta  tha  now  provisions;  and  (S)  stata  whan  tha  naw  provisions 
ara  to  ba  affactiva. 

C.  efface  of  Execution:  This  MOU  shall  bacoma  affactiva  on 
tha  latar  of  its  execution  by  tha  Portias  or  tha  antry  of  tha 
Consant  oacraa.  A  Scopa  of  Work  shall  bacoma  affactiva,  final 
and  binding  upon  its  axacution. 

ZN  WITNESS  WHERXOr,  Z  hava  haroundar  sat  my  hand  as  an 
authorized  representative  of  tha  United  States  Department  of  tha 
Army. 


Lewis  0.  Walker 
Deputy  for  Environment,  Safety 
and  Occupational  Health 


IN  WITNESS  WHEREOF,  Z  have  hereunder  sat  my  hand  as  an 
authorized  representative  of  Shall  Oil  Company. 


Date; 


g/zr/g? 


■dL 


R.G.  Dillard 
Vice  Prasidant 


ies/ma 


SCOPE  OF  WORK 


Shall  will  perform  the  following  activities  as  lead  party  for  the 
implementation  of  the  South  Tank  Farm  Plume  IRA. 

1.  Prepare  the  Draft  Implementation  Document  and 
Implementation  Document  for  the  STFP  IRA  for  review  and 
comment  by  the  Organizations  and  State  and  implement 
the  IRA. 

2.  Abandon  and  replace  the  Shell  wells  damaged  during  the 
Lower  Derby  Lake  Spillway  construction. 

3.  Install  nine  piezometers,  six  well  points,  and  four 
monitoring  wells  along  the  the  eastern  edge  of  Lake 
Ladora.  This  was  completed  May  1991. 

4.  Perform  the  following  monitoring  program  through  the 
completion  of  this  IRA  or  as  otherwise  modified: 

a.  Conduct  a  one-time  Verification  Sampling  of  46 
wells  in  the  STFP  area.  This  was  completed  in 
December  1990,  and  results  distributed  to  the 
Organizations  and  State  (OAS) . 

b.  Collect  Quarterly  water-level  measurements  from  a 
number  of  wells  located  throughout  and  beyond  the 
STFP  area,  including  along  the  eastern  edge  of 
Lake  Ladora.  The  first  round  of  which  was 
collected  in  June  1991. 

c.  Conduct  an  annual  sampling  of  24  selected  wells  in 
the  STFP  area. 


5.  Shell  has  contracted  with  Morrison-Knudsen  (KK)  for 
performance  of  the  above  tasks  and  any  modifications 
thereto . 

6.  Shell  will  submit  forty  (40)  copies  of  the  Draft 
Implementation  Document  for  the  STFP  IRA  to  the  Army. 
Within  5  working  days,  the  Army  will  issue  these  copies 
to  the  OAS.  Comments  regarding  the  document  should  be 
submitted  within  30  days  of  issuance.  Shell  will 
submit  forty  (40)  copies  of  the  final  Implementation 
Document  for  the  STFP  IRA  within  20  working  days  of  the 
deadline  for  comments.  The  Army  will  distribute  the 
final  Implementation  Document  to  the  OAS  within  5 
working  days  of  receipt  from  Shell. 

7.  During  the  performance  of  this  IRA,  Shell  shall  submit 
to  the  Army,  for  distribution  to  the  OAS,  the  following 
reports: 

a.  Quarterly  water-level  monitoring  reports 
summarizing  the  results  of  the  most  recent 
monitoring  event.  These  reports  shall  be 
submitted  to  the  Army  within  thirty  (30)  days  of 
completion  of  the  monitoring  program.  The  Army 
will  distribute  these  documents  within  5  working 
days  of  receipt  from  Shell. 

b.  An  Annual  Report  summarizing  the  previous  year's 
monitoring  data.  These  reports  shall  be  submitted 
to  the  Army  within  ninety  (90)  days  of  receipt  of 
the  analytical  data  for  the  Annual  Sampling 
Program.  T-»e  Army  will  distribute  these  documents 
within  5  working  days  of  receipt  from  Shell. 


IN  WITNESS  WHEREOF,  I  have  hereunder  set  my  hand  as  an  authorized 
representative  of  the  United  States  Department  of  the  Army. 


IN  WITNESS  WHEREOF,  I  have  hereunder  set  my  hand  as  an  authorized 
representative  of  the  Shell  Oil  Company. 


3.0  GROUNDWATER  MONITORING  PROGRAM 


The  groundwater  monitoring  program  selected  to  meet  the 
objectives  of  this  IRA  consists  of  three  components: 

•  A  one-time  comprehensive  verification 
sampling; 

•  An  annual  sampling  of  selected  wells  along 
the  leading  edge  of  the  plume;  and 

•  Quarterly  water-level  measurements  throughout 
and  beyond  the  STFP  area,  including  along  the 
eastern  edge  of  Lake  Ladora. 


3.1  YERiriCATIQW  SAMPLING  EBSSB&M 

The  verification  sampling  program  was  completed  in  December  1990, 
in  support  of  this  IRA's  pre-decision  documents.  The 
verification  sampling  network  consisted  of  46  wells  located 
throughout  the  STFP  area  (Figure  3) .  Water-levels  and  dissolved 
oxygen  (DO)  measurements  were  recorded  for  each  well,  and 
groundwater  samples  were  collected  for  laboratory  chemical 
analysis.  Analyte  concentrations  were  determined  using  USATHAMA 
Method  UU-8  for  volatile  compounds.  Information  from  this 
investigation  was  used  to  verify  the  extent  of  the  STFP,  the 
migration  rate  for  the  plume,  and  the  existence  of  in  situ 
conditions  conducive  for  biodegradation. 

Results  of  the  verification  sampling  program  show  the  results  to 
be  consistent  with  the  Spring  1990  conditions.  The  latest 
distribution  of  the  target  analytes,  particularly  benzene, 
indicate  that  the  plume  has  not  advanced  since  the  Spring  of 
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1990.  This  observation,  coupled  with  the  field  DO  measurements 
and  the  observed  presence  of  sufficient  indigenous  bacteria, 
suggests  the  leading  edge  of  the  plume  is  biodegraded  naturally. 
The  results  of  this  program  are  detailed  in  Shell's  December  1990 
report. 


3.2  ANNUAL  SAMPLING  PROGRAM 

Groundwater  quality  will  be  monitored  annually  to  verify  the 
location  of  the  leading  edge  of  the  plume.  Groundwater  samples 
will  be  collected  from  the  24  wells  shown  on  Figure  4.  This 
program  will  be  the  same  as  that  for  the  verification  sampling  in 
that  water-level  and  DO  measurements  will  be  recorded,  and 
groundwater  samples  collected  for  laboratory  analysis. 


3.2.1  Sampling  Procedures 

Groundwater  sampling  will  be  conducted  according  to  approved 
PMFMA  protocols  as  specified  in  the  RMA  Chemical  Quality 
Assurance  Plan. 

The  well  sampling  order  will  be  governed  by  well  location  and 
historical  contaminant  levels.  Wells  will  be  sampled 
sequentially,  beginning  with  wells  with  no  historical  contaminant 
detections,  and  ending  with  wells  having  the  highest 
concentrations.  This  sampling  sequence  and  standard 
decontamination  procedures  will  be  followed  to  minimize  cross¬ 
contamination  between  samples.  In  addition,  dedicated  equipment 
will  be  used  for  sampling  wells  with  historically  higher 
concentrations.  To  r-nimize  the  loss  of  volatile  compounds, 
either  a  stainless  steel  pump  with  a  teflon  bladder  or  a 
stainless  steel  submersible  pump  will  be  used  to  purge  the  wells 
and  collect  samples.  As  the  wells  are  purged,  groundwater  pH, 
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temperature,  electrical  conductivity,  and  dissolved  oxygen  (DO) 
levels  will  be  recorded. 

Groundwater  samples  will  be  collected  in  three  40-ml  vials. 
These  samples  will  be  stored  and  shipped  in  coolers  packed  with 
styrofoam  and  blue  ice.  Sample  temperatures  will  be  maintained 
at  approximately  4°C  within  the  coolers,  until  delivered  to  the 
off -post  contract  laboratory. 


3.2.2  Analytical  Program 

Analyte  concentrations  will  be  measured  using  USATHAMA  Method  UU- 
8  for  volatile  compounds.  The  reporting  limits  for  USATHAMA 
Method  UU-8  are  given  in  Table  l. 


3.2.3  Quality  Assurance/Quality  Control 

The  QA/QC  program  for  this  IRA  will  consist  of  PMRMA  approved 
requirements  and  procedures,  as  specified  in  the  Sampling  Design 
Plan  and  Standard  Operating  Procedures  prepared  for  the 
Remediation  of  Other  Contaminated  Sources  IRA  (Woodward-Clyde, 
1989) .  The  number  of  field  QA/QC  samples  will  be  approximately 
10%  of  the  total  number  of  routine  groundwater  samples  collected. 
These  samples  will  include  duplicate  samples,  matrix  spike 
samples,  field  blanks,  and  rinse  blanks.  A  trip  blank  will 
accompany  each  set  of  samples  shipped  to  the  laboratory. 
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Table  1.  Reporting  Limits  for  Method  UU-8 


Certified  Reporting 
Hams  _ Limit  (uq/L) _ 

1.1. 1- TRICHLORO ETHANE  2 . 4 

1.1. 2 - TRICHLORO ETHANE  1.6 

1 . 1- DICHLORO ETHANE  1.4 

1 . 2 - DICHLOROETHANE-D4  2 . 6 

1 . 2 - DICHLOROETHYLENES  3 . 2 

(CIS  AND  TRANS  ISOMERS) 

1 . 2 - DICHLOROETHANE  0.72 

1 . 3- DIMETHYLBENZENE/M-XYLENE  2 . 9 

BICYCLO[ 2 , 2 , 1JHEPTA-2 , 5-DIENE  1.8 

BENZENE  2 . 7 

CARBON  TETRACHLORIDE  4.9 

METHYLENE  CHLORIDE-D2  5 . 2 

CHLOROFORM  1 . 7 

CHLOROBENZENE  1 . 8 

DIBROMOCHLOROPROPANE  5 . 6 

DICYCLOPENTADIENE  3 . 7 

DIMETHYL  DISULFIDE  3 . 7 

ETHYLBENZENE-D10  2 . 3 

ETHYLBENZENE  2 . 4 

TOLUENE  3 . 5 

METHYLI SOBUT YL  KETONE  1.2 

TETRACHLOROETHYLENE/TETRACHLOROETHENE  2 . 9 

TRICHLOROETHYLENE/TRICHLOROETHENE  2 . 0 

XYLENES  2 . 4 


3.3  WATER-LEVEL  MONITORING 

Water-levels  within  and  beyond  the  STFP  area,  including  along  the 
eastern  edge  of  Lake  Ladora,  will  be  measured  quarterly.  These 
measurements  will  be  utilized  to  monitor  the  hydraulic  gradients 
and  groundwater  flowpaths.  Groundwater  level  measurements  will 
be  collected  from  the  wells  shown  on  Figure  5.  One  of  the 
quarterly  water-level  monitoring  events  will  be  coupled  with  the 
Annual  Sampling  Program.  Groundwater  level  measurements  will  be 
taken  according  to  PMRMA  procedures  outlined  in  the  RMA  Chemical 
Quality  Assurance  Plan. 
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In  an  effort  to  better  understand  the  hydrogeology  between  Lake 
Ladora  and  the  aquifer  to  the  east  of  the  lake,  nine  piezometers, 
six  well  points  and  four  monitoring  wells  were  installed  near 
Lake  Ladora.  Figure  6  shows  the  location  of  the  respective 
wells.  These  19  locations  were  selected  (as  coordinated  with  the 
EPA)  to  fill  in  water-level  data  gaps  between  the  lake  and  Sand 
Creek  Lateral,  and  the  information  collected  from  these  wells 
will  be  used  to  evaluate  the  interaction  between  Lake  Ladora  and 
the  local  groundwater. 

As  part  of  this  program,  the  Army  has  agreed  to  closely  monitor 
the  level  of  Lake  Ladora.  If  practicable,  the  Army  will  maintain 
the  lake  at  an  elevation  which  would  cause  the  lake  to  recharge 
the  local  aquifer.  In  order  to  determine  whether  this  may  be 
accomplished,  the  first  round  of  water-level  measurements  was 
collected.  The  results  and  analysis  of  this  investigation  are 
contained  in  Appendix  A. 
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4.0  REEVALUATION  AND  REPORTING  PROCESS 


4.1  REEVALUATION  PROCEDURE 

During  the  August  2,  1989  RMA  subcommittee  meeting  for  the  Army 
Complex  Disposal  Trenches  IRA,  the  OAS  agreed  that  the  Decision 
Flow  Chart  for  Other  Contamination  sources  IRAs  would  be  followed 
(Figure  7) . 

As  information  is  collected  and  compared  to  previous  data,  a 
reevaluation  will  be  performed  to  determine  whether  the  basis  for 
the  present  selection  has  changed. 

Specific  criteria  which  will  be  applied  for  determining  whether 
Lake  Ladora  may  be  threatened  by  the  STFP  prior  to  implementation 
of  the  final  remedy,  and  the  subsequent  necessity  to  consider 
other  alternatives  include,  but  are  not  limited  to,  the 
following: 


The  observed  rate  of  movement  of  the  leading  edge  of 
the  plume  increases  such  that  the  plume  is  expected  to 
reach  the  lake  prior  to  the  final  remedy; 

The  hydrogeologic  conditions  change  such  that  the 
flowpaths  or  an  increased  hydraulic  gradient  indicate 
the  plume  may  reach  the  lake  prior  to  the  final  remedy; 

Changes  in  the  DO  levels  which  indicate  a  significant 
reduction  in  the  potential  or  occurance  of 
biodegradation;  or 

Any  combination  of  the  above  which  creates  a 
threatening  situation. 
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4.2  REPORTING 


4.2.1  Annual  Report 

The  annual  reports  will  include  historical  water  quality  and 
water- level  data  and  an  evaluation  of  this  data.  In  particular, 
this  report  will  focus  on  the  most  recent  data,  establishing  the 
site  conditions  as  they  exist  and  have  changed  since  the  previous 
evaluation.  The  primary  purpose  of  the  report  will  be  to 
determine  whether  site  conditions  have  changed  such  that  Lake 
Ladora  is  threatened. 

The  report  will  be  submitted  to  the  OAS  approximately  3  months 
after  receiving  the  laboratory  results  for  the  Annual  Sampling 
Program.  This  report  will  include  the  water  quality  data,  as 
well  as  that  quarter's  water-level  monitoring  data. 


4.2.2  Quarterly  Water-Levs 1  Reports 

The  Quarterly  Water-Level  Reports  will  be  submitted  to  the  OAS 
approximately  1  month  after  each  monitoring  event.  These  reports 
will  include  water-level  data,  a  current  water  table  contour  map, 
and  discussion  of  any  significant  changes.  If  indicated, 
modifications  to  the  number  or  frequency  of  water-level 
measurements  may  be  made. 


4-3  HEALTH  AND  SAFETY  PLAN 

The  site-specific  Health  &  Safety  Plan  which  has  been  developed 
for  the  S^FP  area,  will  be  followed  to  perform  the  work  specified 
for  this  IRA. 
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5.0  SCHEDULE 


The  schedule  for  this  program  comprises  a  three  year  period, 
beginning  September  1991  and  ending  in  June  1994.  Water-level 
monitoring  will  be  collected  quarterly  throughout  the  duration  of 
this  program.  Water  quality  sampling  will  be  performed  annually, 
beginning  with  the  Verification  Monitoring  Program  which  was 
completed  in  December  1990.  A  schedule  is  provided  in  Table  2 
below. 


Table  2.  Schedule  for  STFP  IRA 


Date 

Activity 

December  1990 

Verification  Monitoring 
Program 

June  1991 

Water-Level  Measurements 

September  1991 

Water-Level  Measurements 

December  1991 

Water-Level  Measurements 
Water  Quality  Sampling 

and 

March  1992 

Water-Level  Measurements 

June  1992 

Water-Level  Measurements 

September  1992 

Water-Level  Measurements 

December  1992 

Water-Level  Measurements 
Water  Quality  Sampling 

and 

March  1993 

Water-Level  Measurements 

June  1993 

Water-Level  Measurements 

September  1993 

Water-Level  Measurements 

December  1993 

Water-Level  Measurements 
Water  Quality  Sampling 

and 

March  1994 

Water-Level  Measurements 

June  1994 

Water-Level  Measurements 
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6.0  COST 


The  estimated  costs  given  below  are  for  the  entire  IRA  monitoring 
program  over  the  course  of  the  following  three  years.  These 
costs  reflect  the  performance  of  the  Verification  Monitoring 
program  and  report  preparation,  installation  of  the  is  new  wells 
near  Lake  Ladora ,  the  first  round  of  water-level  measuremnts 
(included  in  Appendix  A  of  this  document) ,  the  abandonment  and 
replacement  of  the  monitoring  wells  damaged  during  spillway 
construction,  and  the  future  sampling  and  water-level 
measurement  events  and  respective  reports. 


Estimated  STFP  IRA  Costs 


Activity 

Cost  ( 

Verification  Monitoring  Program* 

53,000 

Installation  of  19  Hells 

12,000 

Water-Level  Measurements  (6/91)* 

5,000 

Well  Abandonment  6  Replacement 

14,000 

Chemical  Analysis 

110,000 

Field  Supplies  and  Small  Tools 

5,000 

Waste  Handling 

7,500 

Annual  Sampling*  (3  episodes) 

48,500 

Water-Level  Measurements*  (12  episodes) 

70,000 

TOTAL 

$325,000 

-  Includes  preparation  of  reports. 
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APPENDIX  A 


WATER-LEVEL  MONITORING  RESULTS 


INTRODUCTION 


During  June  3  and  4,  1991,  water-level  measurements  were  recorded 
for  over  100  wells  in  and  beyond  the  South  Tank  Farm  Plume  (STFP) 
area,  including  along  the  eastern  edge  of  Lake  Ladora.  An 
objective  of  this  water-level  measurement  program  was  to  gain  a 
better  understanding  of  the  hydrology  along  the  eastern  edge  of 
Lake  Ladora.  A  component  of  this  program  was  the  installation  of 
9  piezometers,  6  well  points,  and  4  monitoring  wells  near  Lake 
Ladora  and  Sand  Creek  Lateral.  Installation  of  the  wells  was 
completed  during  the  week  of  May  20,  1991. 

The  results  of  the  water-level  measurements  collected  during  the 
June  program  are  illustrated  on  the  Water  Table  Contour  Map  shown 
by  Figure  A-l.  The  general  groundwater  hydrology  did  not  change 
significantly  since  the  December  1990  measurements.  The  largest 
change  in  elevation  occurred  near  Lower  Derby  Lake.  The  current 
lake  level  is  approximately  5  feet  higher  than  last  fall,  when 
the  lake  was  lowered  for  spillway  construction.  The  local 
groundwater  levels  indicate  the  influence  of  Lower  Derby  Lake  on 
the  adjacent  aquifer  due  to  the  lake  recharging  the  aquifer. 

Additional  water-level  measurements  were  collected  on  July  10, 
1991.  Water-levels  for  this  monitorng  event  were  recorded  for 
the  wells  closest  to  Lake  Ladora  (Figure  A-2) .  The  July  10,  1991 
measurements  corraborate  the  June  1991  results. 

Using  the  data  collected  from  new  wells  installed  adjacent  to 
Lake  Ladora,  the  local  hydrogeology  has  been  further 
characterized.  Indications  are  that  if  the  elevation  of  Lake 
Ladora  is  maintained  at  approximately  5220  feet  (above  mean  sea 
level) ,  then  groundwater  along  the  eastern  edge  of  the  lake  will 
not  impact  the  lake. 
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Approximate  limit  of  o  Existing  Well  Location 

Saturated  Alluvium  £, _;ing  Cluster  Well 

I  ocotion 

4  i  /  ■  Wale*  Level  location 


Installation  of  New  Wells 


The  piezometers,  well  points  and  monitoring  wells  were  installed 
during  the  week  of  May  20,  1991.  The  monitoring  wells  are 
located  at  well  numbers  02523  through  02526.  Well  numbers  02527 
through  02535  indicate  the  locations  for  the  nine  piezometers. 

The  well  points  are  located  by  well  numbers  02536  through  02541. 
Two  staff  gages  were  installed  on  the  eastern  edge  of  Lake  Ladora 
on  June  12,  1991.  The  southern  staff  gage  had  to  be  relocated 
because  it  could  not  be  properly  read  or  surveyed  at  its  original 
location.  The  gage  was  moved  on  August  7,  1991.  Subsequent 
water-level  measurements  show  that  the  lake  level  is  the  same  at 
the  two  northernmost  staff  gages,  and  slightly  higher  at  the 
southern  gage. 

During  surveying  for  the  new  wells  and  staff  gages,  datum 
measurements  were  recorded  for  the  Army's  staff  gages  on  Lake 
Ladora  and  Lower  Derby  Lake.  The  results  of  this  survey  show 
that  for  Lake  Ladora  a  measurement  of  12.9  feet  corresponds  to  an 
elevation  of  5219.96  feet,  and  for  Lower  Derby  Lake  a  level  of 
16.5  feet  corresponds  to  an  elevation  of  5246.66  feet.  The  two 
staff  gages  were  surveyed  for  the  water  level  at  the  time  of 
survey,  and  future  readings  gaged  from  the  surveyed  datum  given 
above.  The  datum  (0.0  feet)  for  the  new  staff  gage  along  the 
northeastern  shore  is  at  an  elevation  of  5216.98  feet,  and  that 
for  the  new  staff  gage  along  the  southeastern  shore  is  at  an 
elevation  of  5216.65  feet. 

The  new  wells  were  surged  and  developed  prior  to  collecting 
water-level  measurements.  After  developing  the  wells  it  was 
evident  that  five  of  the  well  points  (Wells  02536-02540)  were 
clogged.  In  an  attempt  to  unplug  the  well  points,  the  spray 
nozzle  for  a  steam/pressure  cleaner  was  fitted  with  an  extension 
so  water  could  be  sprayed  into  the  wells.  The  well  points  were 
repeatedly  surged,  jet  sprayed,  and  bailed.  This  procedure  did 
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not  unplug  the  wells.  Using  an  air  compressor  and  sealing  the 
top  of  the  well  with  a  no-hub  band,  air  was  injected  into  the 
well  points.  A  pressure  of  60  psi  could  be  reached  without 
blowing  off  the  fitting.  After  pressurizing  the  well  point,  it 
was  again  jet  sprayed  and  bailed.  Following  this  procedure,  only 
Well  02539  was  unplugged.  Additional  efforts  will  be  made  to 
unplug  the  remaining  well  points.  If  unsuccessful,  these  wells 
will  be  replaced. 


Hydro logy  Near  Lake  Ladora 

On  June  3,  1991  the  lowest  measured  elevation  of  the  groundwater 
table  was  5219.64  feet  in  Well  02530.  Well  02524  had  a  water- 
level  of  5219. feet.  The  surface  elevation  of  Lake  Ladora  was 
5219.86.  As  .~»ay  be  seen  from  a  profile  of  groundwater  elevation 
away  from  the  Lake  (Figures  A-3  through  A-7) ,  groundwater 
adjacent  to  the  lake  appears  to  reach  a  minimum  elevation 
approximately  50  to  100  feet  from  the  lake.  On  July  10,  1991  the 
lake  elevation  was  5219.91,  a  level  ranging  from  0.14  to  0.97 
feet  higher  than  levels  in  the  wells  immediately  adjacent  to  the 
lake  along  the  eastern  shore. 

According  to  the  above  results,  there  is  a  hydraulic  gradient 
away  from  the  lake  for  an  approximate  distance  of  50  to  100  feet, 
and  groundwater  along  the  eastern  edge  of  the  lake  will  not 
impact  the  lake,  if  the  lake  elevation  is  maintained  at 
approximately  5220  feet  (an  approximate  stage  of  12.9  feet  as 
measured  on  the  pump  house  staff  gage) . 


Sang \v*g  ions 

If  the  elevation  of  Lake  Ladora  is  maintained  at  approximately 
5220  feet,  groundwater  along  the  eastern  edge  of  the  lake  will 


A-3 


not  impact  the  lake.  This  is  based  on  recently  observed 
hydrogeologic  conditions.  In  addition,  these  results  show  that 
the  vertical  gradient  is  downward.  These  results  indicate  the 
lake  is  controlling  the  local  groundwater  hydrology  and  that 
groundwater  will  not  impact  the  lake.  Regular  monitoring,  as 
outlined  in  this  document,  will  determine  whether  proper 
hydrogeologic  conditions  are  maintained. 
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FIGURE  A-4 

WATER  LEVELS  NEAR  LAKE  LADORA 
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WATER  LEVELS  NEAR  LAKE  LADORA 
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WATER  LEVELS  NEAR  LAKE  LADORA 
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APPENDIX  B 


NELL  COMPLETION  RECORDS,  KAY  1991 
SAMPLE/ CORE  LOO  SHEETS 
HELL  DEVELOPMENT  RECORDS 


RMA  Well  Completion  Record 


SCRVteKS 


Wei  Number 


Borehole  Number. 


Surveyed 
Location  . 


Proiect 


Cojic  /jiJerfi.  (/g 


'Z2» 


Surveyed 
Elevation  QS 
TOC 


GROUND  SURFACE 


7* 

■J.INCH  OIAMETER 
DRILLED  HOLE 


-WELL  CASMG 
l  INCH  DIAMETER 

Pi/c _ 


Installation  Data  t  /d 
Driiing  Method  UcM/U. 
DriBing  Contractor  La 
Drilling  Fluid  *//A 

Development  Date _ £ 

Development  Technique 


Water  Removed  ^ 


C-a  BACKFILL 

-«  grout  'ypt-  l/Vf  Static  Depth  to  Water 

_ji,t 


^  /S  ft.  below 

9  to  f 7-3  T0C 


-BENTONITE  SEAL  :  □  SLURRY 
9  PELLETS 

-*’»  VfhydrxM 

-P  GRAVEL  PACK  ' 

-0)  SANO  PACK  /  0-£  0 
-P  FORMATION 
COLLAPSE 


Comments 


-WELL  SCREEN 
CINCH  OIAMETER 
Pvr  ,  .L2.0  SLOT 


Depths  From  Ground  Surface 
Unless  Otherwise  Noted 


Prepared 


p..  P.tf.fcflUr,! 


iNK-CNVMONMfNTAL  SERVICES 


RMA  Well  Completion  Record 


Well  Number QimL _  Protect  A  A  Ludo^d  UeiU 

Borehole  Number  At  W  _  Date  ?/tfS*22- _ 


Surveyed  Surveyed 

Location  L2S2.  2  &7.  2*1? _  N  Elevation  GS  £227.  /£  ft. 

2  1+  0<*3l.  ?Tg _  E  TOC  £230.  ft> 


Installation  Date  £ /  0  ■LU- 


\ 


7 


A 


GROUND  SURFACE 


7^£ 

- inch  diameter 

ORILLED  HOLE 

.SjfcrAcC 


Drilling  Method  f/cflati  AfCj£r~ 

Drilling  Contractor  /wu^/vP  _ 

DnHing  Fluid  U^A. _ 

Development  Date  _£  AA/ 
Development  Technique 


- WJELL  CASING 

/  ~  lffi^IAMETER 

£ 


Water  Removed . 


3jL 


.  gals 


'  A _ ("□  BACKFILL— 

O  L-(*  GROUT  W£/JX 

V  <T*  *>* 


y  U—sz 

S.  B* — benti 
■  M—ll 


Static  Depth  to  Water 

b+A*o»,\ k  (itrfW 


below 

TOC 


BENTONITE  SEAL  :  □  SLURRY 
O®.  ,  J8  PELLETS 

JLft  «/V-  *yjr*/*j 

(-□  GRAVEL  RACK 
— fl^SAND  PACK  /©  -XO 
*-□  FORMATION 
^jjOLLAPSE 


Comments 


-WELL  SCREEN 
_llNCH  OIAMETEB 

Pvc  ,  C76  SLOT 


-2Pm 

-?pf, 


Depths  From  Ground  Surface 
Unless  Otherwise  Noted 


Prepared  By 


MMyLL 


RMA  Well  Completion  Record 


MK-tNVWWNMgNTAl  SERVICES 

» 


WeM  Number  _  0ZSZS 
Borehole  AA  (aJ  ~3 


Protect  ^^^*4  h/£{ls 

Date  <lt€>SZ-Z- 


Surveyed 

Location 


/  76  H  T&.3.51 

21* tUt*  2T8- 


N 

E 


Surveyed 

Elevation  GS  S22*  >*  ft 

TOC  rf*  ft 


1 _ 


Installation  Date  ^  /  ^  2  / _ 

Drilling  Method  //cMm  5/an 


■a 


GROUND  SURFACE 
5 - 

I— — ?3^ch  oiameter 

ORILLED  HOLE 

L  CASIN' 

MCH  OIAI 

Py<l 


Drilling  Contractor  _ 
Drilling  Fluid .  vA 


Development  Date 


■s  A/  /■ 


iz. 


Development  Technique 


-WELL  CASING 
i  INCH  OIAMETER 


Water  Removed  ^30 


.9 


]A  U—ir, 


B  GROUT  Y)ffK  XSir 


_rO  Backfil 

T  . 

to, 


Static  Depth  to  Water . 


iytrttcnife. 


bIS  M i 

lief II 


bel 

Tl 


BENTONITE  SEAL  :  □  SLURRY 
H  PELLETS 


* 


,  t  »  PELLETS 

— ft  Ay 

m  barm  * 


Comments 


[-□  GRAVEL  RACK 
-pH  SANO  PACK  fo  -2mO 
H3  FORMATION 
^JLLAPSE 


•WELL  SCREEN 
ilNCH  DIAMETER 

fvc  ■  ^LIslot 

.Hi 


.tit 


Depths  From  Ground  Surtace 
Unless  Otherwise  Noted 


Prepared  By 


f. 


RMA  Well  Completion  Record 


iMK-fMVWlONMfMTM.  SERVICES 


Wei  Number. 


/-&/-£.  L*dariL  b/elli 


Borehole  Number . 


Proiect . 


Surveyed 
Location  . 


ncoiz.wo 


2/»/£VP.77? 


N 

E 


Surveyed 

Elevation  GS  97  ft. 

TOC  5427.  11  ft. 


j _ 


Installation 


Data  ^  2.0 


I 


I 


GROUND  SURFACE 


7ii 

■  X'NCH  diameter 
orilled  hole 

.  _$urA.cd 


Drilling  Method  (4a/tci\J  S*/e^ 

Drilling  Contractor  JLbu^J^Lc. _ 

Drilling  Fluid  u/ A _ 

Development  Date _ 3/31/7/  _ 

Development  Technique  p* 


WEI 

_£  INCH  OIAMETER 


-Wf  LL  CASING 
INCH  0 

ZISl 


water  Removed . 


/* 


gals 


-□  BACKFILL 

-a 


It 


9  GROUT  J^SuZ/x T 

O/  bir\to»,U, 


Static  Depth  to  Water  $  $0  ft  below 

9toS%o  TOC 


BENTONITE  SEAL :  □  SLURRY 
.ttS  B  PELLETS 

- iJTt  N*  Aydni/^ 

pO  GRAVEL  PACK 
1-0  SAND  PACK  /Q  -2,0 
HD  FORMATION 


Comments 


-WELL  SCREEN 
2  INCH  DIAMETER 

Pit  Jto 


SLOT 


ivj„ 


Depths  From  Ground  Surface 
Unless  Otherwise  Noted 


Prepared  By 


IMK-CNVMONMKNTAL  SEKVICES 

nmmwi  mmmm 


RMA  Well  Completion  Record 


Weft  Number 


Borehole  Number 


252/ 


Proiect  (Udor*  Wctl? 

nala  R  I  0  I 


Surveyed 
Location  . 


Surveyed 
Elevation  GS 

TOC 


m 


.  GROUNO  SURFACE 

iJ - 

7^£ 

-r_lNCH  DIAMETER 
ORILLED  HOLE 

_ 

-WE LL  CASWG 
Z  INCH  OlAMETER 


-□  BACKFILL 
-«  GROUT 


Installation 


Data  91052.1 


Drilling  Method  nQllO^J  >1 
Drilling  Contractor 

Drilling  Fluid  *  1* _ 

Development  Date  _  tU± 
Development  Technique _ U. 


- 2  V 


«/S  H 


-BENTONITE  SEAL :  □  SLURRY 
Ui  K  PELLETS 


.  B  PELLETS 

'A*  Aytttnfied 


Water  Removed . 


Static  Depth  to  Water . 


Comments 


V-  ?/ 

lV0Sz3 


ft.  below 
TOC 


pQ  GRAVEL  PACK 
-pH  SAND  PACK  tC'lC 
>-□  FORMATION 
^^LLAPSE 


-WELL  SCREEN 
_ijNCH  DIAMETER 

rV  C  _JL2L0slot 


J —ei 


Depths  From  Ground  Surface 
Unless  Otherwise  Noted 


Prepared  By 


MK-eNVmONMCNTAL  SERVICES 

*  *•«••««  m  mm  »«■—»— 


RMA  Well  Completion  Record 


WdH  Number . 


Borehole  Number . 


OZS  Vi 


Protect 


L^Jov'X  VI tlk 


I  O  6  2./ 


Surveyed 

Location 


Surveyed 
Elevation  GS 
TOC 


r  GROUND  SURFACE 


■  J_\ NCH  DIAMETER 
ORILLED  HOLE 


Office. 


iLL  casing 

.  INCH  DIAMETER 


□  BACKFILL 
GROUT  7 


Installation  Date  Q  t  Q  S2- j 
Drilling  Method  f-tcl/pu) 

Drilling  Contractor  i-a-yj  ne- 
Dnlling  Fluid  Nlft 
Development  Date  N  /  q~ 

Development  Technique  (\f l h 


Water  Removed . 


Static  Depth  to  Water _ V-  £7  ft.  below 


_  |3*  kc*h»4/z 

-BENTONITE  SEAL :  □  SLURRY 
.  a  ..  JB  PELLETS 

-Jfefi  hfdri£<J 

rQ  GRAVEL  PACK 
-I*  SANO  PACK  /c-w 
'-O  FORMATION 


Comments 


WELL  SCP  "N 
jLlNCH  OlAMETER 

,07.0  SLOT 


Depths  From  Ground  Surface 
Unless  Otherwise  Noted 


Prepared  By 


MK -ENVIRON  MENTAL  SERVICES 

nmmo  mm  MWNt— 


RMA  Well  Completion  Record 


Well  Number . 


Borehole  Number . 


P-3 


Proiect 


Lcibc  LtAo  r«,  l/fcils 

9/SsrZl 


Surveyed 
Location  . 


'H2.3D£ 


Surveyed 
Elevation  GS 
TOC 


_  GROUND  SURFACE 

S - 

-  /_INCH  DIAMETER 
DRILLED  HOLE 

e, 

-WELL  CASING 
Z.  INCH  OIAMETER 

~fVC _ 


Installation  Date 
Drilling  Method 
Drilling  Contractor 

Dnlling  Fluid .  -ti/A _ 

Development  Date  _  tda 
Development  Technique  UlL A 


Water  Removed . 


_r-a  BACKFILL^ 

gr grout  tuft  lAg 
?£  »{f'h  k<*h»t4r 


Static  Depth  to  Water . 


ffofz? 


ft  below 

TOC 


—  BENTONITE  SEAL  :  □  SLURRY 

/ «  a  pellets  Comments 

%,‘hfinkJt _ 

[-□  GRAVEL  RACK  T 

—a  SANO  PACK  to  -la  _ 

*-□  FORMATION 

.-COLLAPSE  _ 

_  /ft 


-WELL  SCREEN 
fcJNCH  DIAMETER 


(-  INCH  DIAI 

ric 


<>20  SLOT 


J _ 


Depths  From  Ground  Surface 
Unless  Otherwise  Noted 


Prepared  By 


RMA  Well  Completion  Record 


©UK-ENVIRONMENTAL  SERVICES 

*»»!——  ma  MNMMa 


» 


Project  Lndpr*.  Uids 

Date  4 1  0  5  2  ! _ 

Surveyed 

Elevation  GS  1  >0  ft. 

TOC  S22?.  tt£>  ft. 


Well  Number . 


01530 


Borehole  Number . 


M 


Surveyed 
Location  . 


/7-?  o  ai.  _ n 

-7I9IDUI.  3 Sc> _  E 


"Stiii 


Installation  Date  RfOSzt 


GROUND  SURFACE 


I 


V 


Vi 


Drilling  Method 

Drilling  Contractor  i-*yn<L _ 

Drilling  Fluid  A 


J_INCH  DIAMETER 
ORILLEO  HOLE 

.*!$?«** 

-WELL  CASING 
J1  I^CH^piAMETER 


Development  Date 


Ml t 


Development  Technique 


Water  Removed . 


V/tr 


.gals 


_|-0  BACKFIL 
-*  GROUT 


A  tfl- 
- _fefi 


Static  Depth  to  Water . 


9.3o 


_ ft.  below 

9icS78  TOC 


BENTONITE  SEAL  :  □  SLURRY 
B  PELLETS 

S  h  fWc4 


Comments 


|-0  GRAVEL  RACK 
-»0  SANO  PACK 
FORMATION 
COLLAPSE 


-WELL  SCREEN 
_L-INCH  DIAMETER 

ft  C  CIO  SLOT 


A? 

M 


Depths  From  Ground  Suriace 
Unless  Otherwise  Noted 


Prepared  By  | ficr^tuurd 


I MK -ENVIRONMENTAL  SERVICES 


RMA  Well  Completion  Record 


Protect  L-A da  r*  Vf&ls 

Date _ 

Surveyed  Surveyed 

Location  I' 3i>3,  042. _  N  Elevation  GS  5-233,  iX  ft 

_ 21VIS2&U..S12 _  E  TOC  5JZ.34  4,?  ft. 


We*  Number _ CIS?  ( 

Borehole  Number  P~5 


"5V* 


GROUNO  SURFACE 


*21 


■  "7_TnCH  diameter 

DRILLED  HOLE 


7— wi 

2 


LL  CASING 


1^1 


OIAMETER 


'  A _ T-O  BACKFILL 

V  ‘-a  GROUT  TLfCEfa 

VI  _  IQl  <*>  S>  Wffufc 

— —  BENTONITE  SEAL  :  □  SLURRY 

m — mk  '/**  psa 

r° 

ts; 

17? 


□  GRAVEL  PACK 
SAND  PACK 

□  FORMATION 
COLLAPSE 


WELL  SCREEN 
JfclNCH  DIAMETER 

PVZ  ,  i£  *.Q  slot 


Depths  From  Ground  Surtace 
Unless  Otherwise  Noted 


installation  Date . 


v  /  v  2. 


Drilling  Method  /4clla\W 

Drilling  Contractor  LojaC _ 

Drilling  Fluid  A _ 

Development  Date  ^ / A _ 


Development  Technique  zt//f 


Water  Removed . 


gals 


Static  Depth  to  Water .  .  ft.  below 

<f/05Z3  TOC 


Comments 


Prepared  By 


MK-CkVMONMENTAl  SERVICES 


RMA  Well  Completion  Record 


We#  Number _ 

Borehole  Number 


Protect .  Lale  / a r/ar a  U?f( r 
Date  _f/££2LZ__ 


Surveyed  Surveyed 

Location  f?l  2  0.^.  f£~7 _  N  Elevation  QS  £221*  ft _ ft. 

-Z  19 1  0Q2. _  E  TOC  *****  ft 


installation  Date . 


_ 9taS2.f 

Drilling  Method  EdlZnu  S'fejy* 


Drilling  Contractor 
Drilling  Fluid  *//$ 


Development  Date 


w/n 


Development  Technique . 


Mil 


Water  Removed  _  Eli r- 

Static  Depth  to  Water  Sj. 3 

9ioSZ’b 


.gals 


ft.  below 
TOC 


Comments 


Depths  From  Ground  Surface 
Unless  Otherwise  Noted 


Prepared  By 


/? }^&ry(u^rl 


RMA  Well  Completion  Record 


MK-EHVIROMMtNTAL  SERVICES 


WW  Number _ 

Borehole  Number 
Surveyed 


_&2. 


Location  2/>3. 

219  /*&£>, 


N 

E 


Project .  LaAe. 

Date  _l£££&2___ 
Surveyed 

Elevation  GS  5  "333.  *2 
TOC  522«.  f-X 


installation  Date 
Drilling  Method  iJat/e 


Drilling  Contractor  ^~ou^ 
Dnlling  Fluid  fiJ/A 

Development  Date _ 

Development  Technique 


Water  Removed 


Static  Depth  to  Water  _ 


Comments 


Depths  From  Ground  Surface 
Unless  Otherwise  Noted 


Prepared  By 


IMK-ENVMONMENTAL  SERVICES 


RMA  Well  Completion  Record 


We»  Number . 


0Z?3i/ 


Borehole  Number . 


P-  8 


Surveyed 

Location  174  LL  7*  112. 
_ 2  tt  l  UULJ&. 


N 

E 


Project .  e  Cadefti  0*//s 
Date  _ 

Surveyed 

Elevation  GS  S,23A2>  ft. 

TOC  Sa33.  ft 


uJTf 


-at 


»  > 
I 


i 


y  y — & 

I  h 


GROUND  SURFACE 

H  DIAMETER 
DRILLED  HOLE 

-WELL  CASING 
^CH^AMETER 

-□  BACKFILL—.  —  y 

a  grout  Jyp<  -i  fir 

BENTONITE  SEAL  :  Q  SLURRY 
Kti  ■  PELLETS  , 

7  ft  Aydra+fft 

□  GRAVEL  PACK 
g  SAND  PACK  /  #-2.6 
FORMATION 
COLLAPSE 


Installation  Date .  4/oszo _ 

Drilling  Method  Usf/our  AujtPP' 

Drilling  Contractor  iZ, _ 

Drilling  Fluid 


Development  Date 


Development  Technique . 


Water  Removed . 


y/ft 


.gals. 


Static  Depth  to  water  /3 -2.8  ft.  below 

7*^523  TOC 


Comments 


■WELL  SCRI 
X  INCH  Dl 

Jfvc 


- WfLL  SCREEN 

OIAMETER 
.02.0  SLOT 


-{ft 


Depths  From  Ground  Surface 
Unless  Otherwise  Noted 


Prepared  By 


RMA  Well  Completion  Record 


MK-CNVmONMCNTAL  SERVICES 


We#  Number. 


02SZ5 


Protect 


Lacker*  CJtJ/ 


Borehole  Number . 

Surveyed 
Location  /74> 


Surveyed 

Elevation  GS  **  ft. 

TOC  JLS.  ft 


GROUND  SURfACE 


*  U 


■£_INCH  OIAMETER 
DRILLED  HOLE 


Installation  Pate  QtO<? 2  O 
Drilling  Method  /jo((iW  i 
Drilling  Contractor 

Drilling  Fluid  *f_/d  _ 

Development  Date  _  */A- 

Development  Technique _ 


MK-IMVmOHMPfTAL  WWCH 


RMA  Wdll-Point  Completion  Record 


Wad  Point  Number . 


Project 


Borehole  Number. 


Surveyed 
Location  . 


*  3  /  a .  3  XJ9 


Surveyed 
Elevation  QS 

TOC 


■_i_INCH  OIAMETER 
PILOT  BOREHOLE 


Installation  Date  V/P 
Drilling  Method  Holftul 
Drilling  Contractor 
Driling  Fluid  &/A 
Development  Date  _  / 
Development  Technique. 


RISER  PIPE 
_t.WCH  OIAMETER, 

HQ  Stiff 

_ NO  OF 

COUPLINGS  / 


.ft.  PILOT  BOREHOLE 


Water  Removed  tv  /m  _ gals. 

Static  Depth  to  Water  _  _  ft.  below 

T0C 

Comments _ 


nK 


WELL  POINT 

INCH  OIAMETER, 

,020  SCREEN 


Depths  From  Ground  Surface 
Unless  Otherwise  Noted 


Prepared  By 


®MK4EMVM0NMCNTAL  SERVICES 


RMA  Welt-Point  Completion  Record 


Wei  Point  Number  £  37 _  Project  — hcftf A.  tVcffe 

Borehole  Number  _1a£.z2*. _  Date  .  ilAfll 

Surveyed  Surveyed 

Location  /  77  9  03,  jj L± _  N  Elevation  GS  S322.  Z*  ft. 

2  I  Still.  3*0 _  E  TOC  S22S.  IS  ft 


2ti 


r 


GROUNP  SURFACE 


*7  ^ 

-  •  INCH  DIAMETER 

PILOT  BOREHOLE 


RISER  PIPE 
J2.IHCH  DIAMETER, 

_ NO  OF 

COUPLINGS  / 


-An 


PILOT  BOREHOLE 


Installation  Date . 


9  ton  3 


Drilling  Method  //f  A  Sa^t/e  ^tanatUA, 


Drilling  Contractor  a 

Driiing  Fluid  ^1 _ 


Development  Date . 


mJa. 


Development  Technique  -fitJlL 


Water  Removed  _  Vltv  _ gals. 

Static  Depth  to  Water  J2  SC?  ft.  below 

<{tC$2.t)  T0C 


Comments 


WELL  POINT 
_2jNCH  DIAMETER, 

jCH*  Hf  HiC  I 

•  Ct-O  SCREEN 
SLOT 


J  t 


Depths  From  Ground  Surface 
Unless  Otherwise  Noted 


Prepared  By 


MK-EMVMONMENTAL  SERVICES 


RMA  Weli-Point  Completion  Record 


WeN  Point  Number  ■?/ 

Borehole  Number  UP- 3 


Protect  hz&t  bldertL 
na,«  jW£2  3 


Surveyed  Surveyed 

Location  L  *77  23 ,  01? _  _  N  Elevation  QS  ft. 

_ 2JJLU-LL.  ^43 - E  TOC  S2ZJ.  a?  ft 


g.ljn" 


.r 


GROUND  SURFACE 


7  t£ 

■X-INCH  diameter 

PILOT  BOREHOLE 


RISER  PIPE 
2  INCH  DIAMETER, 

_ NO  OF 

COUPLINGS  t 


-A 


ft.  PILOT  BOREHOLE 


installation  Date.  1lo£2J. 
Drilling  Mamori  fiSA  *Sa^/Ui 
Drilling  Contractor 
Drilling  Fluid  .JIM 


Development  Date . 


Ah. 


Development  Technique . 


A. 


Water  Removed  _  — - 

Static  Depth  to  water 

9/<r$2$ 


.gals 


ft  below 

TOC 


Comments 


WELL  POINT 
_i  INCH  DIAMETER.. 
Scfr.  Vo  Steer 
'*ZO  SCREEN 


SLOT 

_ tOTv 


Si  Si 


✓  M 


Depths  From  Ground  Surface 
Unless  Otherwise  Noted 


Prepared  By 


GROUND  SURFACE 


-  INCH  DIAMETER 
PILOT  BOREHOLE 


Installation  Date . 


'£><2-2^ 


Drilling  Method  * 

Drilling  Contractor 
Drilling  Fluid  */a 

Development  Date _ L 

Development  Technique . 


riser  pipe 

i  INCH  DIAMETER, 
_ NO  OF 

couplings  Z 


__5«t 


pilot  borehole 


water  Removed  /*  /fr _ gals 

Static  Depth  to  Water  /6  ft.  below 

T0C 

Comments _ _ 


—A* 


WELL  POINT 
*■  INCH  DIAMETER, 

Ten,  jo  s  kef 

.02  0  SCREEN 


_  /5-fi 


Depths  From  Ground  Surface 
Unless  Otherwise  Noted 


Prepared  By 


Total  Depth  Drilled .  IS*, 

Length  and  Diameter  y 
of  Coring  Device  N  fn 

Land-Surface  Elev. 

Drilling  Fluid  Used  tiffK 

Contractor  „  4* 


Sample/Core  Log 


Bormg/WoN  02^23  Protect/ No. 
Location 


2/2-' 


glSS3/Q5Z2_ 


— Page. 
Dotting 


(eat  Hota  Diameter 


^Surveyed 


ii£. 


Type  of  Samote/ 
nches  Conng  Device  _ 


_  Sampling  Interval  A// 

Datum  _ 

_  DriHino  Method  H  S-A 


.  Driller  ; 


J|/f  Helper  J  OlA / 

Hammer  w  / '  Hammer  .  / 

Weight-^/*  nmp 


Sample/Core  Log 


Boong/WM  0^-5  *Z  Pnj»ect/No.  (  2. 


Sdi 

Location 


*  JL  O 

Total  Depth  Drilled  LUZ.  feet 

length  and  Oiamater  A //„ 
of  Coring  Device  _ 

Land-Surface  Elav.  fM 


Hole  Diameter 


_isajioi^_a3L9^ 

rib  Type  of  Samoit/  / 

L  ±__  inches  Conng  Device  NfA _ 


^Surveyed  ^frnmnren 


Drilling  Fluid  Used 

DnMmg  / 

Contractor  -r-  * 


_  Sampling  Interval . 
Datum  .  MS  L 

_  Drilling  Method  tj 


.  Dnller  i 


roll 


Hammer  /  Hammer,/. 
WeWht///*!  Drty  K/A 


inches 


rim  T»  Sms 


Sample/Core  Log 

Bnrinq/WellO^S  2.  %  ProftCUHo.  "2.  f  ZJ _ 

L*.kz  L&xlor*. _ iSSS  jto 

Tr*ai  rWvti  QriM  to*  fmm  Hate  Dtemteer  7if 

inch**  C 


sSZi’Uos'zi  sa.  ?/oyn 

-If  Type  of  Samote/  j. 

_ inches  Conng Device  _ 

Sampling  Interval  a/A 
Setimmed  Datum  S£— 


_ Page. 

Drilling 


Total  Depth  Drilled  JL^L 

Length  and  Oiameter  j/, 
of  Coring  Device  iZ 


feet  Hole  Diameter 


Land-Surface  Elev.A^^_  feet  ’’^Surveyed 
Drilling  Fluid  Uaed  J/Zft _ 

Contractor  C.' _ 

a!TPBmd  P  u.y\J>  _ 


^-Estimated  Datum 


.  DnUer. 


.  Drilling  Method. 


Hammer  ,  /  Hammer,  / 
WeighL-AtZa _ Dree  A ifA 


inches 


<>nd  d  f~i<  tarn 


ffWVPCM 


Sample/Core  Log 


Bormg/WeH  ^*^5 30  Project/ No.  jfL/jLlZ _ _ Pag* 

Locmon  Uk±  UdertL _ sffSfrpSZ/ 

IL*  *7  7-2  Type  of  Samole/  . 

Total  Depth  Drilled  I p  feet  Hole  Diameter  1  inches  Conng  Device  N f 

Length  and  Diameter  ^  /. 

of  Conng  Device  VilS. _ Sampling  Interval . 

Land-Surface Elev.  SttJy  -lam  3s£urveyed  Z  Estimated  Datum  ^5  L — 


Drilling  Fluid  Used 

Drilling  / 
Contractor 


.  Drilling  Method. 


ui  m  pi  iu  r  j* 

Contractor  K  Q  Urt  &■ _ 


Driller  Q-  L/g^ejT  Helper  J. 

Hammer  //.  Hammer./. 
- Weight  ”  (n _ Drop  MfA  inches 


Sample/Core  Log 


Bormg/WaN  31  Profect/No.  2i  L 3L 
Location  L~(\<)  _ 

Tam  Dapth  OriHed  ^laat  Hole  Diameter 

Langtn  and  Oiamotar  k,/A 
of  Conng  Oevice  Lz/JSt— _ 

LanO-Surface  Eiev  i^-33  few  jJO  Survey 

OriHing  Fluid  Used  _ _ _ 

Contractor  _ _ 

£r»” 


gas  SSL 

-7  T/  Type  of  Samota/  j#/ 

•  inches  Conng  Device  _rv/^ 


_ Sampling  Interval . 

^9  Surveyed  Z  Estimated  Datum  -MSt- 


.  Dollar . 


.  Drilling  Method 
Hammer  »//. 


Helper. 


ESTH/A  XZTu  M 


inches 


Sample/Core  Log 


Bohng/WeN  0“2£  32?Pm»cUHa. 

SLwn  Lake,  Laido 

T/wal  rUmh  HrilUrl  /  ^  fM 


Total  Depth  Drilled  _ 

Langtn  and  Diameter 
of  Conng  Oavioe _ 


- —  Page. 

Dri«ng  Q  ,*<??  ,  Drilling 
.  Stanoo  7^34/  Compiett 

15  Type  of  Sample/  a  >  ) 


I  (J  i  ypw  oi  oamow/  a  # 

feet  Hole  Diameter  L  inches  Conng  Device  £v 


Land-Surface  Bev.  tT" 2.2-3  ^Surveyed  .Estimated 


Drilling  Fluid  Used 


Drilling 

Contractor 


_  Sampling  Interval  , 
Datum 

_  Drilling  Method./ 


Driller. 


.Helper. 


£”"°  PJUZl^U 


ss^lsss/l 


inches 


~in£  QrcKm  Sand  d^k  hr* 


Bonng/WcH  0^-53  >Prcnet3/No. 
Location  L^k-t  Lad  or*. 


Sample/Core  Log 

2117 


Seaton  UM_Uu 

Total  Panto  Drilled  3 

Length and Diameter  . 
e*  Conng  Oevtce _ /yfl 


feet  Hole  Diameter 


_§ss^££io_s3L 

77*  Type  of  Sample/ 

_i _ inches  Conrvg  Device  fv  / A 

- Sampitng  interval  Nf 

~  Estimated  Datum  ?UGL- 


]jo 5z* 


Land-Surface Elev  (f22~2>  -feat  ^Surveyed  _  Estimated  Datum 


Drilling  Fluid  Used  JlLJJ. 

r /Milrartnf 


.  Drilling  Method. 


Drilling 

Contractor 

Prepared 
By - 


.  Driller . 


Helper. 


Ok/T 


Hammer  Aj  /A  Hammer  //* 
Wetgnt_/l//0  Drop  fUfh  inches 


Sample/Core  Log 


Bonng/WaN  ^ ^^35*  Project/ No.  1  ^-7 

fSmno  LoJcf  L^d/ffra^ _ 


Total  Oepth  Drilled  _ 

Length  and  Oiametar 
of  Coring  Oevice _ 


aas  it<> 5-20  g„s** 


feet  Hold  Diameter 


7 is 


Type  of  Samdo/  > 
inches  Coring  Device  /V 

_ Sampling  Interval . 


Land-Surface EJev.  ^Surveyed  Z  Estimated  Datum 


DnHtng  Fluid  Used 

Drilling  / 

Contractor  * — ‘ 


'JhJT 


.  Dnller . 


Drilling  Method. 


Sample/Core  Log 

Bnnnq/WH 0^-S 3 (o  Project/ No.  2  /  ZT _ 


Uki^-Ud^  ISy'gf^ggsLj 

Ln*  *77-^  4f#P*'^Typeof  S«mpi«/  . 

Tom  D«pm  OriHad  7 *P  last  Hois  Diameter  L _ _ 'inches  Conng  Device  NfA 

length  and  Diameter  y«/A  //A 

at  Conog  Device  /'Iff* _ Sampling  intsrvai  //fn 

Lano-Surtaca  Eiev.  fast  £  Surveyed  Z  Estimated  Datum  M  SL~ _ 


DfiMngRuid  Used 

Drilling  / 

Contractor  I^A 


Drilling  Method. 


Dnllar. 


li&lcrrf  r  Hetner  jT  Oldh  n.vr\ 
Hammer  ,  ur.j^  Hammer-  _ 

. Wight  1(0 —  Drop  3/9  inches 


Bormg/Wal  C&6 37  Protect/ No. 


Sample/Core  Log 
2/2.7 _ 


Sit* 

Location 


□riding 

.Stared 


Total  Depth  Drilled  J  feat 

Langm and Oiamatar  it/* 
of  Coring  Dewc* _ N[h _ 

Land-Suriaca  Bav.  'l-  feat 

rwiliim  ClnM  I  ImH 


feat  Hole  Oiamatar 


77i 


ted  Dnmpi— n 

Type  of  Samota/  .  //4 
inchaa  Coring  Device  N/M 


Aiffczt 


^Surveyed  _  Estimated 


Drilling  FHad  Used 

Drilling  / 
Contractor  bv 


Dnller . 


_  SamtXmg  Interval  _ 
Datum . 


.  Drilling  Method  FJ~A _ 

1  Ufrntr-  Helper  0f(JAd/r> 

Hammer  jm  Hammer  o_ 
Weigrit—ZVy  Drop  incriei 


Sample/Core  Log 

Bonng/Well Q2S39  Profect/No.  Z  _ 

Locvion  LvJLj  Ln-riara. _ suSB  jiolil 

cr—  7  t/  Type  of  a 

Total  Darwh  nriltarl  J  tear  Hnta  Diameter  >  irtrtVM  CVmnn  Ho 


Total  Oeptn  Drilled  s?  feet  Hole  Diameter  £  inches  Conng  Device  ^ j 

Length  and  Diameter 

of  Conng  Device  "f  * _ Sampling  Interval  _ 

Land-Surface Elev.  SllA  ^  feet  ^Surveyed  Z  Estimated  Datum  .  .  Al  SL- 


Type  of  Sample/  ,  /A 
nches  Conng  Device  f*  f  A 

_ SamoSno  Interval  AJ/A 


Drilling  Fluid  Used 

Drilling  / 

Contractor  L-f 


- Drilling  Method  rf  _ 

.Driller  O.  Ulmer  am  1oU 

_ VET m*  sr-'a.o 


Sample/Core  Log 

Bonng/W«N  Q2S2i4  Protect/ No  ^  ^jlZ _ 


A_ofZ 


Site 

Location 


:  UtdsrCl _ sSS  Qt05Z-2-  EZ 

<r*  -7  if*  Type  of  Sample/ 

J  feat  Hoi*  Diameter  L  inches  Conng  Device  _ 


Total  Depth  DriHed  feat  Hoi*  Dtamatar  '  inches  Conng  Device  Ay 

Length  and  Diameter  .  t 

of  Coring  Device  AJfn _ Sampling  Interval  _ 

Land-Surface  Gev.  S' 2-3  3-  H  feet  t  Surveyed  Z  Estimated  Datum  A75V^ 
OfttjmRiiidUMri  U/A  .  Drilling  Method.  ^ 


Drilling  Fluid  Used  /V/H 
ConoSctor  LjLUfaG' 


.  Dnlter . 


6t*o< 


inches 


Sample/Core  Log 

Bnnnq/WH  Q1SH t  Project/No.  2  ^7 _ 

^  gas?* 

r-i  7  7/  T 

Tntal  rWvti  OnHaarl  J  feat  Hntn  DiamMar  / _ inches  C 


'g&llOjtl  SSL-  4V 


Total  Depth  DnHed_ 

Langtn  and  Oiamatar 
of  Coring  Device _ 

Land-Surface  Elev.^J 


_ Started  JZZ£_2_±_2_  Cor 

7  7 -S’  Typo  of  Sample/ 

~  inches  Conng  Device  _ 


.  Sampling  Interval . 


££  _ 

_rrteet  Surveyed  _  Estimated  Datum 


Drilling  Fluid  Used 

Drilling  / 

Contractor  C—1 


latum .  MzL 

Drilling  Method.  tfSA 


Ac/**. 


.  Dnller . 


Hammer /u'^.  If  Hammer  o_ 
WeKtntZZ^  Drop  OQ 


inches 


Well  Development  Worksheet 
for  2  inch  Wells 


WBler  Volume 


in  10*  Borehole 

[(C4X148)]  ,r  , 

(gaU 


*  Reference :  T.O.C 


APPENDIX  C 


RESPONSES  TO  COMMENTS  ON  THE 
DRAFT  IMPLEMENTATION  DOCUMENT 
OTHER  CONTAMINATION  SOURCES 
INTERIM  RESPONSE  ACTION 


SOUTH  TANK  FARM  PLUME 


RESPONSES  TO  COMMENTS  BY  THE 
U.  S.  ENVIRONMENTAL  PROTECTION  AGENCY 


GENERAL  COMMENTS 

1.  In  a  special  committee  meeting  held  by  the  OAS  on  March  13, 
1991  to  resolve  the  STFP  dispute,  the  Army  indicated  that 
continuous  water-level  measurements  were  recorded  for  Lake 
Ladora.  EPA  requests  inclusion  of  these  data  for  May  and 
June  1991. 

Response!  Table  C-l  presents  the  information  requested  by 
the  EPA. 

The  Army  typically  collects  lake  level  measurements  every  2 
hours,  7  days  a  week.  These  readings  are  recorded  from  the 
Army's  staff  gages  for  both  Lower  Derby  Lake  and  Lake 
Ladora.  At  the  end  of  the  month,  the  Army  averages  the 
readings  for  a  daily  level.  These  data  are  readily 
available  from  the  Army.  To  monitor  variations  in  the  lake, 
Shell  examines  the  lake  level  log  sheets  for  variations  from 
typical  management  procedures  and  records  a  single 
measurement  for  two  days  per  week  (keeping  a  record  of  8  to 
10  readings  per  month) .  In  addition.  Shell  records  water 
levels  for  the  lake  staff  gages  whenever  water  levels  are 
measured  in  the  wells. 

Due  to  management  practices  for  the  lakes,  slight 
fluctuations  in  lake  levels  are  inevitab  For  example. 
Lake  Ladora  is  typically  brought  up  to  level  (12.9  feet  on 
thr-  staff  gage)  and  allowed  to  decline  a  little  (0.1  to  0.2 
feet)  before  the  lake  is  brought  to  level  again.  For  Lower 
Derby  Lake  the  water  level  drop  is  generally  on  the  order  of 
0.5  to  1  feet  before  the  lake  is  brought  back  to  a  level  of 
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LAKE  LADORA  ARMY  STAFF  GAGE  READINGS 


STAFF  GAGE 
READING 


DATE 

(FT) 

DATE 

01 -May-91 

128 

01-Jurt-91 

02-May-Ql 

128 

Q2-Jun-91 

Oa-May-91 

128 

03-J  ur-91 

04-May-91 

128 

04-Jun-91 

05-May-91 

128 

05-Jun-91 

06-May-91 

128 

06-Jun-91 

07-May-91 

128 

07-Jun-91 

08-M«y-91 

127 

08>lun-91 

09-May-91 

127 

09-Jun-91 

10-May-91 

127 

10-Jun-91 

11 -May-91 

127 

11-Jun-91 

12-May-91 

126 

12-Jun-91 

13-May-91 

126 

13-Jun-91 

14-May-91 

126 

14-Jun-91 

15-May-91 

126 

IS-Jun-91 

rffi-May-91 

126 

16-Jun-91 

S-May-91 

127 

17-Jun-91 

TB-May-91 

129 

18-Jun-91 

19-May-91 

129 

19-Jun-91 

20-May-91 

129 

20-Jun-91 

21  -May-91 

128 

21-Jun-91 

22-May-91 

128 

22-Jun-91 

23-May-91 

128 

23-Jun-91 

24-May-91 

129 

24-Jun-91 

2S-May-91 

129 

25-Jur»-91 

26-May-91 

129 

26-Jun-91 

27-May-91 

128 

27-Jun-91 

28-May-91 

129 

28-Jun-91 

29-May-91 

129 

29-Jun-91 

30-May-91 

128 

30-Jun-91 

31 -May-91 

128 

STAFF  GAGE 

STAFF  GAGE 

READING 

READING 

(FT) 

DATE 

(FT)* 

128 

OI-Jul-91 

127 

128 

04-Jul-91 

127 

128 

08-Jul-91 

128 

128 

1 1  -Jul-91 

127 

128 

15-Jul-91 

1285 

128 

18-Jul-91 

127 

129 

22 -Jul-91 

128 

128 

25-Jul-91 

128 

128 

29-Jul-91 

129 

128 

128 

128 

128 

127 

127 

127 

127 

127 

127 
129 
129 
129 
129 
129 
129 

128 
128 
128 
128 
128 


A  STAFF  GAGE  READING  OF  129  FT  EQUALS  AN  ELEVATION  OF  5219.96  FT  ABOVE  MSL 
*  -  MEASUREMENTS  ARE  FOR  APPROXIMATELY  12:00  NOON 


16.5  feet  on  the  staff  gage.  These  changes  typically  occur 
within  a  few  days.  However,  these  short-term  fluctuations 
do  not  affect  the  overall  hydrologic  influence  of  the  lake 
on  the  local  groundwater. 

2.  He  recommend  that  daily  water  levels  be  recorded  at  the  Lake 
Ladora  pump  house.  Also,  quarterly  staff  gage  readings  at 
all  staff  gages  for  both  Lake  Ladora  and  Lower  Derby  Lake  at 
the  time  that  the  wells  are  measured  are  recommended. 

Response:  See  the  response  to  General  Comment  1. 

3.  The  inoperative  drive-point  wells  need  to  be  replaced  by 
operative  wells  as  soon  as  possible,  but  before  the  next 
water-level  measurement  event.  It  is  suggested  that  drilled 
piezometers  can  be  used,  based  on  past  experience  at  these 
locations. 

Response:  Shell  is  currently  undertaking  other  options  for 
unplugging  the  four  well  points  at  issue  (Wells  02536, 

02537,  02538,  and  02540).  If  these  well  points  can  not  be 
unplugged,  they  will  be  replaced  prior  to  the  next 
quarter ly-wa ter  level  measurement  event. 

4.  Page  3-1.  Section  3.0.  The  Implementation  Document  needs  to 
include  the  contingency  actions  that  will  be  implemented  if 
the  results  of  the  quarterly  water-level  measurements 
indicate  that  groundwater  may  be  flowing  into  Lake  Ladora. 

At  a  minimum,  the  four  new  monitoring  wells  installed  along 
the  eastern  edge  of  the  lake  should  be  sampled  and  analyzed 
as  agreed  in  the  Army's  dispute  resolution  letter  of 

April  8,  1991. 

Response:  The  contingency  actions  requested  by  the  EPA  were 
outlined  in  the  Army's  April  8,  1991  letter  regarding  the 
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agreements  reached  during  the  special  RMA  Committee  meeting 
of  March  13,  1991.  This  letter  states: 


If  evaluation  of  the  water  level  monitoring  data 
indicates  groundwater  may  be  flowing  into  Lake  Ladora, 
and  this  process  can  not  be  controlled  by  managing  the 
lake  elevation,  the  Army  agrees  to  collect  groundwater 
samples  from  selected  wells  near  Lake  Ladora  and 
analyze  at  a  minimum  for  those  compounds  identified  in 
the  EPA's  September  24,  1990  letter,  Specific  Comment 
2,  on  the  Proposed  Decision  Document  .... 


Water-level  monitoring  results  show  that  the  inflow  of 
groundwater  to  Lake  Ladora  is  controlled  by  maintaining  the 
lake  level.  Therefore,  according  to  the  agreements  outlined 
in  the  April  8,  1991  letter,  it  is  not  necessary  to  collect 
further  groundwater  samples. 

The  Army's  agreement  to  conduct  water  sampling  near  Lake 
Ladora,  if  groundwater  flow  could  not  be  controlled  by  lake 
management,  would  not  be  a  future  phase  of  the  IRA. 

However,  as  stated  in  the  April  8,  1991  letter: 

The  results  of  the  monitoring  and  sampling 
programs  will  be  used  in  another  phase  of 
assessment  and  decision  under  the  STFP  IRA 
per  the  FFA  process  for  'Other  Contamination 
Sources '  IRAs . 


It  is  therefore,  inappropriate  to  include  mention  of 
additional  sampling  within  the  current  IRA  documentation. 

From  the  information  presented  in  this  report,  it  is  not 
necessarily  conclusive  that  a  reverse  hydraulic  gradient 
from  the  lake  to  the  groundwater  will  be  created  even  if  the 
lake  is  maintained  at  5220  feet.  Therefore,  to  ensure  that 
this  reverse  gradient  is  established,  the  lake  would  have  to 
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be  raised  and  maintained  continuously  at  an  elevation  of 
5221  feet  above  mean  sea  level.  The  continuous  water-level 
measurements  being  made  in  the  lakes  should  be  provided  in 
the  Final  Implementation  Document. 

Response!  Regarding  the  water  level  measurements,  please 
reference  the  response  to  General  Comment  1. 

While  the  information  contained  in  the  Draft  Implementation 
Document  and  subsequent  water  level  measurements  (included 
in  this  document)  show  that  maintaining  the  lake  level  at 

5220  feet  would  be  sufficient,  raising  the  lake  level  to 

5221  feet  would  indeed  ensure  that  a  larger  (hence  more 
conclusive)  reverse  gradient  is  established. 

The  Army  is  currently  assessing  the  need  to  repair  the  dam 
on  Lake  Ladora.  If  repairs  are  required,  it  would  be  a  good 
opportunity  to  increase  the  capacity  of  the  lake  such  that 
higher  lake  water  levels  may  be  maintained. 


SPECIFIC  COMMENTS 

1.  Page  following  page  3-5.  Figure  6.  One  of  the  piezometer 
locations  is  reported  as  Well  01231.  This  appears  to  be  a 
typographical  error.  This  location  corresponds  to  Well 
02531  shown  on  Figure  5.  Please  confirm  this  well's  proper 
identification  number  and  correct  Figure  6  accordingly. 

Response 8  The  well  number  has  been  corrected  on  the  figure. 

2.  Appendix  A.  page  A-l.  second  paragraph.  The  changes  in 
water-table  elevations  since  December  1990  are  discussed  in 
this  paragraph.  Please  specify  the  actual  amount  of 
relative  water  level  change  discussed  in  this  paragraph. 
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tUBSBIli  The  discussion  provided  in  this  paragraph  is 
intended  to  qualitatively  provide  a  general  overview  of  the 
STFP  area  groundwater  hydrology.  This  comparison  is  with 
respect  to  the  results  of  the  Fall  1990  water  level 
measurements  as  provided  in  Figure  2-2  of  the  Final  Decision 
Document  (Shell  1991)  or  Figure  5  of  the  NResults  of  the 
Verification  Monitoring  Program,  South  Tank  Farm  Plume,  RMA" 
(Shell  1990) .  The  "actual  amount  of  relative  water  level 
change"  may  be  obtained  by  directly  comparing  the  Fall  1990 
water  level  for  a  specific  well  with  the  June  1991  level  for 
that  same  well. 

Appendix  A.  page  A-2.  Please  clearly  specify:  exactly  how 
many  staff  gages  were  installed;  in  which  lake(s)  they  were 
installed;  the  date(s)  measured;  and  the  elevation  datums 
for  all  staff  gages,  whether  previously  existing  or  new. 
Please  show  the  location  of  the  existing  staff  gages  (and 
newly  installed  gages)  on  Figures  8  and  A-l. 

Response:  Two  staff  gages  were  installed  on  the  eastern 
edge  of  Lake  Ladora.  One  is  aligned  with  Wells  02527  and 
02528,  and  the  other  was  originally  aligned  with  Well  02535. 
As  stated  on  page  A-2  of  this  document,  this  staff  gage  was 
relocated  to  the  southern  end  of  the  lake  on  August  7,  1991. 
The  text  and  figures  have  been  modified  according  to  the 
EPA's  request. 

Appendix  A.  page  A-2.  third  paragraph,  second  to  the  last 
sentence .  Well  point  02539  was  reported  as  unplugged  after 
using  a  variety  of  well  development  techniques.  However, 
the  water-table  elevation  measurement  for  this  well  was  not 
given.  Please  provide  this  information  on  Figure  A-l. 

Response »  A  water  level  was  not  provided  for  Well  02539 
because  the  well  was  unplugged  after  the  water  level 
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Measurements  for  the  entire  area  had  been  collected.  Water 
levels  for  this  well  have  been  provided  for  subsequent  water 
level  monitoring  episodes. 

5.  Appendix  A.  page  A-3.  first  paragraph,  second  sentence. 
Please  explain  the  statement  that  the  surface-water 
elevation,  as  measured  at  staff  gages  along  the  eastern  and 
western  edge  of  Lake  Ladora,  ranged  from  5219.76  to  5219.95. 
Is  this  a  temporal  or  spatial  range  in  elevations?  Please 
provide  a  table  of  all  water-level  elevations  in  the  lake  at 
all  staff  gages  during  the  period  of  this  investigation. 

Response:  As  stated  in  paragraph  2  on  page  A-2,  the 
existing  Army  staff  gages  on  Lake  Ladora  and  Lower  Derby 
Lake  and  the  new  staff  gages  along  the  eastern  edge  of  Lake 
Ladora  were  resurveyed  by  MK-ES.  The  results  of  this  survey 
showed  that  the  water  surface  elevation  was  the  same  at  the 
two  staff  gages  on  the  northern  portion  of  Lake  Ladora.  The 
same  has  been  true  during  subsequent  measurements.  It  is  an 
accurate  conclusion  that  the  lake  water  level  is  uniform 
throughout  the  lake  between  the  staff  gages.  Hence,  the 
observed  changes  in  lake  elevation  are  temporal.  As  per  the 
EPA's  request,  a  tabulation  of  the  lake  level  measurements 
has  been  provided.  In  addition,  please  reference  the 
response  to  General  Comment  1. 

«•  Appendix  A.  saga  A-3,  aasand  andL-fchird  paragraphs-  The 
differences  in  water  levels  near  the  lake  are  very  subtle 
and  do  not  definitively  support  the  conclusion  that  there  is 
a  hydraulic  gradient  away  from  the  lake  for  a  distance  of  50 
to  100  feet.  However,  this  possibility  may  exist,  but  to 
only  a  limited  degree,  if  *he  lake  is  maintained  at  a 
minimum  elevation  of  5220  feet  above  mean  sea  level. 
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The  lowest  groundwater  elevation  measured  for  the  first 
round  of  water  levels  in  the  new  wells  was  5219.64  feet  in 
Well  02530.  Other  wells  at  approximately  the  same  distance 
from  the  lake  both  to  the  north  and  south  of  Well  02530  show 
groundwater  elevations  above  the  lake's  water  level.  For 
instance.  Wells  02528  and  02001  to  the  north  of  Well  02530 
are  reported  at  5220.08  feet  and  5220.45  feet.  The  water- 
level  measurements  reported  for  the  paired  Wells  02527  and 
02528  indicate  an  upward  hydraulic  gradient,  a  common 
observation  in  areas  of  groundwater  discharge,  such  as  to 
lakes,  rivers,  and  swamps. 

Response »  Regarding  raising  the  lake  level  to  5221  feet  and 
respective  modifications  to  the  spillway  or  dam,  please 
reference  the  response  to  General  Comment  5. 

Water  level  data  collected  more  recently  (and  included  in 
this  document)  has  shown  that  there  is  a  more  pronounced 
hydraulic  gradient  away  from  the  lake.  In  addition,  the 
more  recent  data  shows  a  downward  vertical  gradient  for  both 
sets  of  paired  piezometers. 


7.  Appendix  B.  Please  provide  complete  geologic  logs  for  the 
borings  used  to  install  the  new  wells  and  piezometers. 

Also,  please  provide  a  reference  to  the  records  for  the 
development  of  these  wells. 

Rsspomse:  Per  the  EPA's  request,  the  boring  logs  have  been 
included,  as  have  the  records  of  well  development. 
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RESPONSES  TO  COMMENTS  BY  THE 
U.S.  DEPARTMENT  OF  INTERIOR 
FISH  AND  WILDLIFE  SERVICE 


1.  On  page  A-2,  it  was  stated  that  five  of  tha  wall  points  to 
measure  water-level  were  clogged.  After  additional  efforts 
were  taken,  only  one  well  point  was  unplugged.  No  water- 
level  data  was  taken  from  the  remaining  four  well  points. 
Will  these  wells  be  redrilled  so  a  total  of  nineteen  wells 
are  used  in  determining  water-level  between  the  lakes  and 
Sand  Creek  Lateral  as  agreed  by  the  OAS? 

Response!  Please  refer  to  the  response  to  EPA  General 
Comment  3,  regarding  the  replacement  of  the  four  plugged 
well  points. 

2.  It  appears  from  your  first  round  of  water-level  monitoring 
that  groundwater  along  the  eastern  edge  of  Lake  Ladora  is 
not  expected  to  impact  Lake  Ladora,  assuming  hydrogeologic 
conditions  remain  similar  to  those  currently  observed. 
Continual  monitoring  will  determine  if  these  conditions  are 
maintained. 

Response:  The  Fish  and  Wildlife  Service's  assessment  of  the 
first  round  of  water-level  monitoring  is  correct.  For 
further  details,  please  refer  to  the  response  to  EPA  General 
Comment  1,  regarding  continual  monitoring  of  the  lake's 
water  elevation. 

3.  As  a  final  comment,  the  Service  would  like  to  reiterate  that 
although  we  have  concurred  with  the  proposed  monitoring 
plan,  the  Service  remains  concerned  in  regards  to  the  other 
contaminants  present  in  the  South  Tank  Farm  Plume  area 
(including  chloroform,  chlorobenzene,  cyanide,  and 
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dieldrin) .  The  Service  notes  that  cyanide,  dieldrin,  and 
other  organochlorine  pesticides  have  not  been  included  in 
the  analytical  program  Page  3-4,  Table  l.  These  compounds 
have  been  included  in  previous  analytical  efforts.  Why  have 
they  been  deleted  from  the  program? 

Response:  A  detailed  explanation  of  this  issue  was  provided 
in  the  response  to  the  EPA's  General  Comment  on  the  Draft 
Final  Decision  Document  for  the  South  Tank  Farm  Plume  IRA 
(Page  A-l  of  the  Final  Decision  Document  for  the  STFP  IRA) . 
In  addition,  according  to  the  Army's  April  8,  1991  letter, 
the  Final  Decision  Document  for  this  IRA  was  accepted  by  the 
organizations,  given  the  conditions  outlined  within  the 
letter.  The  Army's  letter  explains  under  what  condition 
additional  samples  would  be  collected  and  analyzed  for  other 
compounds  (please  reference  the  response  to  EPA  General 
Comment  4) .  As  such,  the  organizations  accepted  the 
monitoring  and  sampling  program  described  in  the  Final 
Decision  Document  (and  subsequently  included  in  this 
Implementation  Document) . 


RESPONSES  TO  COMMENTS  BY  THE 
COLORADO  DEPARTMENT  OF  HEALTH 


GENERAL  COMMENTS 

1.  In  its  Juns  6,  1991  lsttar  to  the  Amy  regarding  the  South 

Tank  Farm  Plume  Dispute  Resolution,  the  State  requested  that 
criteria  upon  which  the  water  quality  sampling  program 
identified  in  the  Amy  April  8,  1991,  letter  to  the  State 
would  be  initiated,  be  included  in  the  Final  Decision 
Document;  however,  the  criteria  were  also  not  included  in 
the  Draft  Implementation  Document.  Please  include  the 
requested  criteria  in  the  Final  Implementation  Document, 
possibly  in  Section  4.2. 

Response i  The  criteria  upon  which  additional  groundwater 
sampling  would  be  undertaken  by  the  Amy,  were  clearly 
defined  in  the  Amy's  April  8,  1991  letter  (see  response  to 
EPA  General  Comment  4) . 

In  its  June  24,  1991  response  to  the  CDH's  letter  of  June  6, 
1991,  the  Amy  states: 


After  review  of  the  Draft  Implementation 
Document,  the  Amy  will  determine  whether 
chemical  analysis  should  be  performed  as 
stated  in  the  April  8,  1991  letter.  It 
should  be  noted,  however,  that  the  chemical 
analysis  program  would  not  be  a  part  of  the 
implementation  of  this  IRA,  but  rather  a 
separate  study  (i.e.  a  chemical  analysis 
program  will  not  be  identified  in  the 
Implementation  Document) . 


Therefore,  these  criteria  are  not  included  in  this  IRA 
document . 
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The  State  and  EPA  both  provided  comments  to  the  Army  by 
March  of  1991  on  the  Verification  Monitoring  Program 
Document.  Although  these  comments  and  responses  to  the 
comments  are  not  required  as  part  of  the  Interim  Response 
Action ,  the  comments  are  directly  applicable  to  sections  of 
the  Draft  Implementation  Document,  and  would  help  to  clarify 
certain  sections  of  that  report  and  to  minimize  duplication 
of  effort  (for  example,  several  of  the  questions  presented 
in  the  prior  comment  package  have  been  repeated  in  the 
comments  on  the  Draft  Implementation  Document).  Therefore, 
please  include  responses  to  comments  on  the  Verification 
Monitoring  Program  Document  in  the  Final  Implementation 
Document. 

Response:  As  stated  by  the  CDH,  the  Verification  Monitoring 
Program  Document  was  not  an  IRA  deliverable  requiring 
responses.  None  will  be  furnished  because  responses  to 
repeated  comments  have  already  been  provided.  Due  to  the 
excessive  comments  which  have  been  processed  regarding  this 
IRA,  Shell  believes  resources  were  better  allocated  in 
completing  work  required  to  progress  the  IRA. 

Shell  continues  to  reference  and  make  interpretations  based 
on  data  not  included  in  the  RMA  Environmental  Data  Base  (see 
Specific  Comments  1  and  4) .  All  data  included  in  the 
database  have  passed  RMAPMO  validation,  whereas  the  status 
of  QA/QC  procedures  for  data  not  included  in  the  database 
cannot  be  verified.  Therefore,  the  State  is  not  able  to 
properly  evaluate  data  referenced  by  Shell  but  not  included 
in  the  database.  In  an  April  4,  1991  letter  to  the  Army, 
the  State  requested  that  procedures  followed  by  the  Army  for 
submittal  and  acceptance  of  dat-  to  the  RMA  Environmental 
Data  Base  also  be  required  of  Shell;  only  in  this  way  can 
all  parties  be  assured  that  referenced  data  have  been 
properly  validated.  We  again  request  that  all  Shell  data  be 
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included  in  the  database,  that  procedures  followed  by  the 
Army  for  submittal  of  data  to  the  database  be  followed  by 
Shell,  and  that  only  those  data  included  in  the  database  (or 
submitted  to  the  database  and  under  review)  be  referenced  in 
RMA  letters /documents. 

Response i  Shell  has  submitted  the  data  to  the  RHA 
Environmental  Data  Base. 

4.  Prior  to  the  artificial  rise  in  surface  water  elevations  of 
Lake  Ladora,  the  eastern  side  of  the  lake  served  as  a 
groundwater  discharge  area  (Potential  Migration  of 
Contaminated  Groundwater  to  Lakes  Ladora  and  Lower  Derby, 
December  1990,  p.  1,  Conclusion  b.);  however,  increasing  the 
elevation  in  the  lake  will  cause  discharge  from  the  lake  to 
the  groundwater  (and  possible  dissolution  of  contaminants  in 
the  sediment) ,  and  bypass  of  the  upgradient  groundwater 
around  the  lake.  The  impact  of  this  modification  on  the 
flow  system  does  not  appear  to  have  been  evaluated  by  the 
Army  or  Shell.  Examination  of  the  unconfined  flow  system 
water  table  elevation  map  (Comprehensive  Monitoring  Program 
Annual  Ground  Water  Report  for  1990,  Draft  Report,  February 
1991,  Figure  4.1-4)  indicates  that  groundwater  which  would 
migrate  around  the  lake  to  the  north  and  south  would  then 
move  to  the  west-northwest,  eventually  migrating  offpost  in 
either  Sections  28  or  33,  and  possibly  Section  27. 

Currently,  no  CMP  wells  exist  in  the  area  to  the  west- 
southwest  of  Lake  Ladora;  therefore,  wells  in  this  area 
would  have  to  be  added  to  the  list  of  annual  monitoring 
wells  as  part  of  this  IRA.  We  request  a  meeting  with  Shell 
and  the  Army  to  finalize  selection  of  monitoring  wells  in 
this  area  to  determine  how  the  increase  in  surface  <rater 
elevation  affects  the  local  hydrologic  regime. 


C-12 


Walls  do  exist  to  the  north  of  the  lake,  and  data  from  these 
wells  indicate  the  presence  of  dieldrin,  chloroform,  and 
DIMP.  It  is  not  known  how  bypassing  of  groundwater  around 
the  lake  to  the  north  may  influence  the  distribution  of 
these  analytes,  but  a  probable  impact  will  be  dilution  and 
dispersion  of  the  contaminants,  possibly  making  remediation 
more  difficult,  time-consuming,  and  expensive. 

Response:  There  is  no  artificial  rise  in  surface  water 
elevations  of  Lake  Ladora.  Figure  2.4-28  of  Appendix  F  of 
the  Final  Water  RI  illustrates  that  the  general  lake 
management  practices  described  in  the  response  to  EPA 
General  Comment  1  have  been  ongoing  for  several  years. 
According  to  this  management  practice,  the  average  lake 
elevation  is  approximately  5219.5  feet.  In  the  past  six 
months  this  practice  has  been  modified  for  Lake  Ladora  to 
decrease  the  level  fluctuations.  Conclusion  b  of  the 
December  1990  report  is  in  error  regarding  the  status  of 
Lake  Ladora  and  the  average  lake  elevation,  as  it  pertains 
to  the  last  5  plus  years. 

An  examination  of  the  limited  temporal  chemical  groundwater 
data  from  wells  located  within  the  South  Tank  Farm  benzene 
plume,  and  wells  located  on  the  downgradient  and  lateral 
edges  of  the  plume,  indicate  that  there  may  be  cyclicity  in 
the  data,  and  that  the  cyclicity  in  the  two  sets  of  wells 
are  lagged.  Wells  within  the  plume  appear  to  have  peak 
concentrations  in  the  months  of  November /December  (fall 
sampling  episode)  and  decreased  concentrations  in  spring, 
while  wells  on  the  edges  of  the  plume  appear  to  have  peak 
concentrations  in  March/ April  (winter  and  spring  sampling 
episodes)  and  decreased  concentrations  in  the  latter  part  of 
the  year.  Examples  of  well  data  on  which  the  above 
observations  are  based  are  presented  below. 
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Bensene 

Date-1 

Location 

«  Increase 

Well 

Concentration 

Sample 

With  Respect 

(*)  or 

Hfij _ 

main 

colltcttd 

To  Plume 

Decrease  (-1 

02583 

18,900 

90080-2 

In 

+25% 

23,600 

90305-3 

02576 

9,430 

90086 

In 

+100%/+400% 

18,900/47,200 

90304 

02501 

37,700 

90094 

In 

+25% 

47,200 

90305 

02502 

18,900 

89108-4 

In 

+75% 

33,000 

90305 

02503 

5,660 

89107 

In 

+67%/+133% 

9,430/13,200 

90304 

in 

02580 

20.8 

90081 

Edge 

>-87% 

<2.7 

90302 

02578 

13.2 

90081 

Edge 

>-8% 

<2.7 

90299 

02504 

1,420 

89107 

Edge 

-95%/-93% 

70.8/94.3 

89313 

-99%  in  all 

377/472 

90093 

cases 

3.87/3.96 

90303 

1. 

Julian  date. 

2. 

The  80th  day  of 

1990  is  equivalent 

to  March  21, 

1990  (fiscal  year 

winter  or  spring  sampling  programs) 

♦ 

3. 

The  305th  day  of 

1990  is  equivalent 

to  November 

2,  1990  (fiscal 

year  fall  sampling  program) . 

4.  —  Oat*  ara  not  available  for  spring  of  1990,  ao  data  from  spring  of 

1989  used;  75%  increase  is  probably  greater  than  if  data  from  the 
same  year  had  been  available. 


Chemical  data  are  currently  limited  to  annual,  and  sometimes 
semi-annual  sampling  programs;  a  much  greater  sampling 
frequency  would  be  necessary  to  better  define  peaks -troughs 
in  the  data  and  interpret  the  cause  of  the  cyclicity. 
Although  the  observation  regarding  cyclicity  in  the  benzene 
data  is  based  on  a  limited  temporal  data  set,  the  semi¬ 
annual  changes  in  concentrations  are  great  enough  that  the 
variation  in  benzene  concentrations  should  be  investigated. 


C-14 


This  is  especially  important  in  defining  the  downgradient 
extent  of  the  plume.  If  cyclicity  is  present  in  any  well 
defining  the  edge  of  the  plume  (e.g.,  in  1989,  Well  02504 
showed  a  decrease  in  benzene  concentrations  from  1420  ug/1 
to  approximately  90  ug/1  in  6.5  months;  the  next  year,  a 
similar  decrease  from  approximately  400  ug/1  to  4  ug/1  was 
noted  over  the  same  time  period)  then,  at  the  very  least, 
the  well  should  be  sampled  during  the  period  when 
concentrations  in  the  well  reach  a  maximum.  Currently, 
there  is  no  understanding  of  the  temporal  variations  in 
concentration,  or  of  the  magnitude  of  the  changes.  To 
correct  this  and  optimize  data  collected  as  part  of  the  IRA 
sampling  program,  the  State  requests  that  two  wells,  one 
within  the  plume  and  one  on  the  downgradient  edge  of  the 
plume  (Wells  02576  and  02504  respectively) ,  be  sampled  only 
for  benzene  on  a  monthly  basis  for  a  period  of  one  year. 

This  program  will  provide  information  on:  1.  cyclicity  in 
benzene  concentrations;  2.  the  magnitude  of  changes  in 
benzene  concentrations;  and  3.  lag  times  between 
maximum/minimum  concentrations  in  wells  on  the  edge  of  the 
plume  versus  wells  within  the  plume.  Based  on  findings  from 
this  study,  it  is  possible  that  the  chemical  sampling 
program  may  have  to  be  changed  from  its  current  year  fall 
schedule. 

Response!  Benzene  was  detected  in  Well  02504  and  not  in 
Wells  02505  or  02506  of  the  Phase  II  monitoring  program 
during  May  1990.  These  results  are  considered  more  accurate 
than  the  Phase  I  results  cited  by  the  state  (see  the 
response  to  Specific  Comment  1  below) .  The  Phase  II  results 
clearly  indicate  that  the  benzene  plume  has  been  adequately 
characterized,  and  the  leading  edge  of  the  plume  is 
somewhere  downgradient  of  Well  02504  and  upgradient  of  Well 
02505.  This  has  been  the  case  for  over  2  years  (as 
demonstrated  by  the  data  provided  in  the  State's  comment), 
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resulting  in  the  conclusion  that  the  leading  edge  of  the 
STFP  is  migrating  at  an  immeasurable  rate  and  the  plume  is 
not  going  to  impact  Lake  Ladora. 


SPECIFIC  COMMENTS 


1.  Pace  3-1,  Shell  states: 


Results  of  the  verification  sampling  program  show 
the  results  to  be  consistent  with  the  Spring  1990 
conditions . 


This  interpretation  is  based  on  a  comparison  between  Shell's 
spring  and  fall  1990  benzene  data,  as  shown  in  Figures  18 
and  23  of  the  Verification  Monitoring  Program  Document. 
However,  examination  of  spring  1990  data  in  the  RMA 
Environmental  Data  Base  indicates  that  Wells  02505  and 
02506,  located  downgradient  of  the  leading  edge  of  the  plume 
as  identified  by  Shell,  had  benzene  detections  of  10.4  ug/1 
and  13.2  ug/1,  respectively.  A  Phase  II  program  conducted 
in  May  of  1990,  the  results  of  which  are  listed  in 
Appendix  A  of  the  Hydrogeologic  and  Water  Quality  conditions 
South  Tank  Farm  Plume,  RMA,  May  1990,  but  not  included  in 
the  RMA  Environmental  Data  Base,  resulted  in  benzene  values 
below  CRLs  for  both  wells,  and  these  were  the  data  accepted 
by  Shell,  though  with  no  explanation,  without  such  an 
explanation  as  to  why  the  original  data  are  not  valid,  the 
spring  data  indicating  benzene  detections  cannot  be  ignored. 
Additionally,  the  first  sampling  round  occurred  in  the  time 
period  when  concentrations  appear  to  be  higher  in  wells  in 
the  edge  of  the  STFP  than  at  other  ‘ imes  of  the  year 
(General  Comment  5) .  Therefore,  until  and  unless  subsequent 
data  sampling  events  verify  that  the  benzene  detections  in 
Wells  02505  and  02506  were  anomalous,  the  conservative 
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assumption  is  to  assume  that  low  concentrations  of  benzene 
are  present  in  these  wells,  and  that  the  leading  edge  of  the 
plume  is  dispersed  and  not  as  well-defined  as  currently 
presented.  Please  modify  the  text  accordingly. 

Response i 

Please  refer  to  the  response  to  General  Comment  3  above. 

Phase  II  of  the  Spring  1990  sampling  program  was  conducted 
to  assess  the  extent  of  sample  cross-contamination  during 
the  Phase  I  investigation.  The  results  of  the  Phase  II 
sampling  are  considered  more  accurate  than  the  Phase  I  data 
because  a  sequenced  sampling  approach  was  utilized  and  more 
stringent  decontamination  procedures  followed. 

Page  3-1.  shell  states: 

The  latest  distribution  of  the  target  analytes, 
particularly  benzene,  indicate  that  the  plume  not  only 
has  not  advanced  but  has  receded  slightly  since  the 
Spring  of  1990. 


As  pointed  out  by  the  State  in  its  February  20,  1991  letter 
to  the  Army  regarding  the  Verification  Monitoring  Program 
Document  (Comment  4) ,  benzene  concentrations  at  the 
downgradient  extent  of  the  plume  appear  to  increase  in  the 
spring  months  (March  and  beginning  of  April)  and  decrease 
during  the  fall  and  winter  months.  The  benzene 
concentrations  and  sample  collection  dates  for  Well  02504, 
which  defines  the  downgradient  extent  of  the  benzene  plume 
as  currently  identified  by  Shell,  are  again  presented  below: 
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Benzene 
Concent rat ion 
liltt/l) _ 


Sample 

Collection 

_ 


1420*1  89107 
70.8/94.3  89313 
377/472  90093 
3.87/3.96  90303 


1  —  RMA  Environmental  Data  Base. 


The  reason  for  the  cyclic  behavior  of  the  concentrations  is 
not  clear  (General  Comment  4) ;  however,  because  of  the 
cyclicity,  the  data  should  not  be  used  to  make 
interpretations  about  changes  in  the  extent  of  the  plume 
based  on  one  fall  sample. 

Additionally,  Shell  states  that  the  fall  1990  distribution 
of  the  other  Shell*def ined  target  analytes  (toluene,  xylene, 
DCPD,  and  BCHPD)  also  indicates  that  the  STFP  has  receded 
slightly  since  spring  of  1990.  However,  examination  of 
Figures  24*27  in  the  Verification  Monitoring  Program 
Document  indicate  that  matrix  interference  effects  and  the 
resultant  high  CRLs  for  the  contaminants  in  the  areas  of 
historical  contamination  make  it  impossible  to  compare  these 
data  with  the  spring  1990  data.  Therefore,  the  State  again 
requests  that  this  statement  be  deleted  from  the  text. 


Response :  Please  refer  to  the  response  to  General 
Comment  5. 

Figure  3.  The  figure  indicates  that  Well  01538  was  sampled 
during  the  fall  1990  sampling  program,  and  Well  01537  was 
not.  Based  upon  the  Appendix  to  the  Verification  Monitoring 
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Program  Document ,  these  two  wells  should  be  reversed;  please 
modify  the  figure  accordingly. 

Response i  Figure  3  has  been  corrected. 

Page  3-2.  Shell  states  that  wells  included  in  the  annual 
monitoring  network  were  selected  to  verify  the  location  of 
the  leading  edge  of  the  plume.  However,  the  lateral  extent 
on  the  northwest  side  of  the  benzene  plume  also  needs  to  be 
characterized.  Examination  of  well  data  on  the  RMA 
Environmental  Data  Base  indicates  that  several  wells  located 
in  the  saturated  alluvium  north  of  the  unsaturated  alluvium/ 
weathered  Denver  Formation  in  which  the  majority  of  the 
plume  is  migrating,  have  benzene  detections.  These  wells 
and  the  corresponding  benzene  concentrations  and  sampling 
dates  are  listed  below: 


Benzene 

Sample 

Concentration 

Collection 

won  Not 

(OT/1) _ 

Data _ 

02580 

<2.7 

89104 

20.8 

90081 

<2.7 

90302 

02034 

13. 

88349 

6.17 

89145 

2.7 

89312 

7.69 

89363 

(Well  02518  was  only  sampled  on  89101,  and  had  a  benzene 
value  and  duplicate  value  of  <2.7  ug/1,  and  37.7  ug/1; 
therefore,  these  data  are  inconclusive.) 

Well  02578,  located  along  the  northern  boundary  of  the 
unsaturated  alluvium  and  the  benzene  plume,  had  the 
following  benzene  detections: 
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Benzene 
Concentr at ion 
(Ufl/1) _ 


Samp la 
Collection 

Qa£a _ 


13.3 

88110 

<2.7 

89107 

13.2 

90081 

<2.7 

90299 

while  Hell  02514,  downgradient  of  Well  02578,  had  no  benzene 
detections  above  a  CRL  of  2.7  ug/1  (two  measurements) . 
Therefore,  to  evaluate  the  northwestern  extent  of  the  plume, 
we  request  that  the  following  wells  be  added  to  the  annual 
water  quality  monitoring  program:  02580,  02514,  and  02516. 
Depending  upon  data  from  these  wells,  the  program  may  have 
to  be  modified  further. 

Response:  The  annual  monitoring  program  is  intended  to 
verify  the  location  of  the  leading  edge  of  the  plume  as  it 
pertains  to  the  original  objective  of  this  IRA.  As  stated 
on  page  1-1,  the  original  objective  of  this  IRA  was  to 
prevent  the  migration  of  the  plume  from  reaching  Lake 
Ladora.  In  accordance  with  this,  the  leading  edge  is  that 
portion  of  the  plume  nearest  the  lake  and  migrating  towards 
the  lake.  As  determined  from  the  Fall  1990  Verification 
Monitoring  results,  the  annual  monitoring  network  is 
appropriate  for  monitoring  the  leading  edge  of  the  plume 
according  to  these  criteria. 

5.  Examination  of  data  from  wells  located  in  the  saturated 
alluvium  south  of  the  benzene  plume  indicates  that  the 
following  wells  have  had  benzene  detections: 
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Will  Wo. 


Concentration 

Distill _ 


Collection 

_ 


02596 


<2.7 

566. 

<2.7 


89354 

90085 

90297 


02509 


<2.7 

<1.05 

377. 


89025 

90005 

90085 


In  the  Results  of  Lab  and  Field  QA/QC  section  of  the 
Hydrogeologic  and  Hater  Quality  Conditions  South  Tank  Farm 
Plume,  RMA  (May  1990) ,  Shell  states  that  spring  1990  benzene 
detections  may  represent  cross-contamination  from  Hell 
02561.  A  Phase  II  sampling  program,  presented  in  Appendix  A 
but  not  included  in  the  RMA  Environmental  Data  Base, 
resulted  in  benzene  concentrations  below  CRLs  for  both 
wells,  and  these  data  were  selected  by  Shell  as 
representative  of  spring  1990  benzene  concentrations  for  the 
two  wells.  Additional  spring  sampling  must  be  conducted  to 
confirm  that  the  1990  data  is  invalid;  if  such  subsequent 
sampling  indicates  the  presence  of  benzene  in  the  wells,  it 
will  be  necessary  to  determine  the  downgradient  extent  of 
the  contaminant  by  adding  a  downgradient  well  in  the 
saturated  alluvium  to  the  annual  monitoring  program. 

Response t  The  Verification  Monitoring  Program  (Fall  1990) 
and  the  Phase  II  investigation  during  the  Spring  1990  both 
resulted  in  Hells  02509  and  02596  having  no  benzene 
concentrations  above  CRLs.  The  Phase  II  results  were 
considered  more  accurate  because  greater  care  was  taken  to 
minimize  sample  cross-contamination.  There  is  no  need  to 
expand  the  frequency  of  sample  collection. 

5.  Figure  4.  The  annual  monitoring  network  as  presented  by 

Shell  in  this  figure  excludes  two  wells  originally  included 
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in  the  sampling  program  in  the  Final  Decision  Document  Other 
Contamination  Sources  Interim  Response  Action  South  Tank 
Farm  Plume,  May  1991  ([Final  Decision  Document],  Figure  4- 
2),  Wells  02577  and  02598.  Well  02577  had  spring  1988  and 
spring  1990  benzene  detections  of  94.2  ug/1  and  37.7  ug/1, 
respectively,  and  Well  02598  had  a  spring  1990  benzene 
detection  of  89.6  ug/1  (these  two  wells  both  had  fall  1989 
and  fall  1990  concentrations  below  detection  limits,  again 
indicating  cyclicity  in  the  data) .  Additionally,  both  wells 
had  detections  of  11DCLE,  12DCE,  CHCL3 ,  and  TRCLE.  Please 
include  these  wells  in  the  annual  monitoring  network  as 
originally  presented  in  the  Final  Decision  Document. 

Response:  Figure  4  has  been  corrected  to  show  that  these 
wells  are  included  in  the  monitoring  network. 

7.  Page  A- 2 .  Shell  states  that  two  staff  gages  were  installed 
along  the  eastern  edge  of  Lake  Ladora,  however,  the  gage 
locations  are  not  presented  on  Figure  A-l.  Please  include 
these  locations  on  the  figure. 

Response:  The  figures  now  include  the  location  of  the  two 
new  staff  gages. 

8.  Page  A-2.  Shell  presents  the  datum  for  only  one  of  the  two 
new  staff  gages.  Please  present  the  respective  datum  for 
each  gage,  and  clearly  label  the  gages  on  Figure  A-l. 

Response:  Please  refer  to  the  response  to  EPA  Specific 
Comment  3. 

9.  Page  A-2.  Shell  states  that  four  of  the  six  newly 
installed  well  points  are  permanently  plugged;  yet,  it  does 
not  propose  to  replace  those  well  points  with  new  well 
points,  monitoring  wells  or  piezometers.  Have  Shell  and  the 


C-22 


Array  determined  that  additional  data  on  the  eastern  edge  of 
the  lake  are  not  necessary  to  characterize  the  hydrogeologic 
interaction  between  the  lake  and  the  groundwater?  If  not, 
such  data  should  be  collected  now  as  part  of  the  proposed 
monitoring  plan. 

Response i  Please  refer  to  the  response  to  EPA  General 
Comment  3. 

10.  Page  A-3.  shell  states: 

The  surface  elevation  of  Lake  Ladora,  measured  at  the 
staff  gages  along  the  eastern  and  western  edge  of  the 
lake,  ranged  from  5219.96  to  5219.76  feet  ....  This 
may  be  seen  from  Figures  A-2  through  A- 11  where  the 
lake  levels  for  both  May  28  and  June  6,  1991  are 
compared  to  the  observed  groundwater  table  elevations. 
These  are  the  two  closest  dates  for  measurements  of  the 
lake,  prior  to  installation  and  survey  of  the  staff 
gages  [on  the  eastern  edge]. 

This  paragraph  is  confusing.  Shell  appears  to  be  stating 
that  comparisons  between  lake  stage  levels  on  the  eastern 
side  of  Lake  Ladora  were  made  to  upgradient  groundwater  as  a 
part  of  this  evaluation.  However,  Figure  A-l,  showing  the 
location  of  a  single  gaging  stating  on  the  western  shore  of 
the  lake,  and  the  final  sentence  in  this  paragraph  indicate 
that  no  lake  stage  levels  on  the  eastern  shore  of  Lake 
Ladora  were  taken  as  part  of  this  study.  If  the  two  gaging 
stations  on  the  eastern  side  of  the  lake  had  not  been 
completed  and  surveyed  prior  to  this  study,  and  were 
therefore  not  used  in  this  evaluation,  the  reference  to  the 
eastern  edge  of  the  lake  in  the  above  paragraph  should  be 
deleted,  and  the  paragraph  rewritten  to  clarify  that  only 
data  from  the  western  shore  of  Lake  Ladora  were  compared  to 
groundwater  data  upgradient  of  the  lake. 
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Imamu  Please  refer  to  the  response  to  EPA  Specific 
Comment  5. 

11.  Please  provide  the  actual  dates  during  which  the  water  level 
measurements  were  taken.  Additionally,  please  provide  the 
dates  on  which  lake  stage  levels  were  measured,  and  the 
corresponding  lake  stage  elevations  (including  values  for 
the  two  new  gage  stations  on  the  eastern  shore  of  Lake 
Ladora) .  In  future  annual  water  sampling  summaries,  these 
data  are  also  requested. 

Response »  The  groundwater  level  measurements  were  collected 
on  June  3  and  4,  1991.  The  lake  stage  levels  have  been 
provided  (see  response  to  EPA  General  Comment  l) . 

12.  Page  A- 3 .  Shell  states: 

.  .  .  groundwater  along  the  eastern  edge  of  the  lake  is 
not  expected  to  impact  the  lake,  if  the  lake  elevation 
is  maintained  at  5,220  feet  or  above  (an  average  stage 
of  12.9  feet  or  greater  as  measured  on  the  pump  house 
staff  gage) . 


In  its  June  6,  1991  letter  to  the  Army  regarding  the  South 
Tank  Farm  Dispute  Resolution,  the  State  summarized 
information  from  the  May  1990  Comprehensive  Monitoring 
Program  Final  Surface  Water  Data  Assessment  Report  for  1988 
(Appendix  A-2,  Table  A-2-3 )  which  indicated  that  lake 
overflow  occurs  at  a  stage  level  of  12.4  feet,  corresponding 
to  an  approximate  water  level  of  5,219.5  feet  above  mean  sea 
level.  Please  provide  the  values  for  the  maximum  Lake 
Lad*-ra  stage  level  and  corresponding  laka  water  surface 
elevation,  and  discuss  the  feasibility  based  on  these  values 
of  maintaining  a  lake  elevation  of  5,220  feet  or  greater. 
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IfllBfifilSi  If  the  information  contained  in  the  May  1990  CMP 
was  correct  for  the  period  covering  the  CMP,  those 
conditions  no  longer  pertain.  According  to  the  Army,  the 
lake  overflows  at  a  stage  exceeding  12.9  feet  on  the 
pumphouse  gage.  This  has  been  corroborated  by  the  recent 
MK-ES  survey  of  the  staff  gages  and  the  spillway.  The 
maximum  lake  water  elevation  is  therefore,  in  excess  of 
5219.96  feet. 

Please  refer  to  the  response  to  EPA  General  Comment  5. 

13.  Page  A- 3 .  According  to  page  1  of  the  Potential  Migration  of 
Contaminated  Groundwater  to  Lakes  Ladora  and  Lower  Derby, 
December  1990,  the  average  lake  elevation  is  5,208  feet, 
significantly  lower  than  the  5,219.76  to  5,219.96  elevations 
recorded  by  the  staff  gages  recently  installed.  Please 
identify  the  source  of  water  used  to  maintain  the  higher 
lake  level. 

Response i  Please  refer  to  the  response  to  General  Comment  4 
above. 

The  majority  of  water  for  Lake  Ladora  comes  from  Lower  Derby 
Lake.  Ultimately  this  water  comes  from  the  Highline  Canal 
and  passes  through  both  Upper  and  Lower  Derby  Lakes. 

14.  Figures  A- 2  to  A-6.  Please  provide  the  numerical  value  for 
the  lake  water  level  on  May  28,  1991,  and  for  consistency, 
include  this  value  on  Figure  A-l  (instead  of  the  5/23 
measurement) . 

Response:  The  figure  his  been  modified  to  include  the 
appropriate  information. 
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Figures  A-7  to  A-ll.  Plsass  provide  the  numerical  value  for 
the  lake  water  level  on  June  6,  1991,  and  for  consistency, 
include  this  value  on  Figure  A-l  (instead  of  the  6/14 

measurement) . 

Kasponse »  The  figure  has  been  modified  to  include  the 
appropriate  information . 


